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« 

Article  XVI. 

Concerning  Tin. 

A.  Hi/torg. 

1.  Tin  is  one  of  the  metals  which  was  the 
earlieft  known,  and  of  which,  as  it  fhould  ap- 
pear, the  difcovery  muft  have  been  among  the 
firft  made  by  men ;  at  leaft  this  difcovery  ap- 
pears to  be  hidden  in  the  da^knefs  of  ancient 
times,  even  beyond  thofe  of  fabulous  hiftory. 
The  Egyptians  made  great  ufe  of  it  in  their 
arts ;  and  the  Greeks  alloyed  it  with  the  other 
metals.  Pliny,  without  compofing  an  accurate 
hiftory,  or  precifely  comparing  its  qualities  with 
thofe  of  the  other  metals,  fpeaks  of  it  as  a  metal 
Vol-  VL  B  well 
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well  known,  and  much  employed  in  the  arte, 
and  even  applied  to  a  great  number  of  the.  orna- 
ments of  luxury.  He  often  calls  it  white  lead, 
and  points  out  its  frequent  and  fraudulent  con- 
tamination with  black  lead,  or  lead  properly  fo 
ealledi  He  attributes  the  invention  of  tinning- 
to  the  Gauls,  When  we  confider  the  eafy 
treatment  and  fufion  of  tin,  we  ihould  not  have 
any  reafon  to  be  furprifed  that  its  ufe  has  been 
fb  frequent  among  the  earlieft  nations,  if  it  exift- 
cd  in  the  native  ftate,  or  if  its  ore  were  eafy  to 
be  worked.  But  when,  on  the  other  hand,  we 
refleft  on  the  difficulty  of  exploring  this  metal, 
and  the  little  refemblance  of  its  ore  to  that  of 
the  metallic  tin,  we  cannot  eafily  conje6lure 
how  the  difcovery  and  ufe  of  tin  ihould  date  in 
times  fo  very  remote. 

2.  The  alchemifts  have  attended  greatly  to 
tin:  they  named  it  Jupiter;  and  have  dif- 
tinguilhed  its  various  preparations  by  the  name 
of  Jovial.  By  comparing  it  to  this  planet,  they 
explained,  according  to  Bocrhaave,  the  hiero- 
glyphic fcience  by  which  it  is  reprefented. 
The  left  portion  of  thi;i  fign  prefented  the 
cl^ara6ler  of  the  moon;  and  the  crefcent  to 
which  it  was  conneded  at  the  right,  the  crofs, 
the  fign  of  a  crudenefs  of  the  reddening  quality 
lb  frequently  ufed  to  denote  this  property  iu 
the  acids.  By  this  fign  they  expreffed  the  re- 
markable fimilitude  of  tin  to  filver ;  the  rela-^ 
tion  which,  according  to  them,  was  well  known 
by  all  affayers,  from  its  fixity  i»  the  cupel,  and 
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tk\to  the  unknown  and  the  pretended  crude  fuU 
phur  which  they  fuppofed  was  neceflary  to  be 
removed,  in  order  to  tranftnute  it  into  filver. 
This  chimera  has  long  tormented  the  fpirit  of 
the  alchemifts,  and  led  them  to  try  every 
method  of  operation  upon  this  metal, 

3.  Tin  has  been  examined  by  a  great  number 
of  fkilful  chemifts.     Thofe  who  were  bufied  in 
operations  of  art,   relative  to  medical  objefts, 
have  attempted  to  prepare  it  in  a  great  variety 
of  methods ;  lefs,  numerous,  however,  than  thofe 
which  have  been  applied  to  iron,  antimony, 
and  mercury,  for  the  purpofe  of  appropriating 
1:hem  to  various  medical  ufes.     La  Poterie,  or 
Poterius,  diftinguilhed  himfelf  in  this  clafs,  and 
has  given  his  name  to  a  medical  preparation  of 
tin,  diftinguifhed  by  the  denomination  of  anti-- 
heBic.       It   is,   however,    a  metal    in   which 
pharmacological  chemifts  have  placed  the  leaft 
confidence ;    moft  of  them  have  been  appi;e- 
henfive  of  an  arfenical  admixture,  which  they 
apprehencfed  it  to  contain.     Margraff  has  given 
authority  to  this  idea,  and  increafed  th§  fulV 
picion  by  his  analyfis  of  thii  metal,  in  which 
he  affiimed  that  he  had^found  a  very  alarmitig 
proportion  of  arfenic.     Schultz  neverthelefs  an- 
nounced that  pure  tin  is  in  no  refpeft  danger- 
ous :  and  the  valuable  labour  of  Bayer  on  this 
fubje6l,  has  dlffipated  all  obfcurities,   and  de- 
flroyed  every  apprehenfion  which  the  wonder- 
fully erroneous  refults  of  Margraff  had  tliro\ni 
over  its  economical  ufe. 
'        .  Ba  4.  The 
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4,  The  fyfteniatical  authors  of  chemiftryy  par- 
ticularly thofe  who  have  defcribed  proceffes 
from  Lemery  and  Rouelle,  have  greatly  exr 
tended  our  knowledge  of  this  metal.  They 
have  fucceflively  treated  it  with  the  principal 
acids,  the  falts  and  the  alkalis  j  they  have  ftudied 
its  alloys,  and  its  different  combinations ;  and 
we  are  particularly  indebted  to  Macquer  and 
Baum^,  for  the  greateft  number  of  experiments 
on  this  objeft.  The  mineralogifts,  and  metal- 
Jurgifts,  have  alfo  carefully  ftudied  this  metal, 
and  its  different  ftates  in  nature,  as  well  as  the 
proceffes  for  affaying  and  working  its  ores. 

5.  I  am  not  acquainted  with  any  author  who 
has  exprefsly  undertaken  to  make  a  complete 
hiftory  of  tin.  The  extenfive  articles  of  Baum6, 
of  Macquer,  of  Wafferberg,  and  Gren,  do,  in- 
deed, prefent  us  with  a  colle6lion  of  the  princi- 
pal fa6ls  which  they  poffeffed  at  the  period  of 
the  publication  of  their  works  refpefting  tin ; 
but  this  metal  has  not  yet  had  any  particular 
hiftorian,  like  antimony,  mercury,  iron,  filver, 
gold  and  platina :  neverthelefs,  its  remarkable 
properties,  and  important  ufes,  entitled  it,  in 
fome  refpe6l,  to  this  honour.  Indeed  there  are 
many  particular  memoirs  refpefting  fome  of  its 
combinations.  Libavius  firft  difcovered  a  Angu- 
lar produ6l  of  the  decompofition  of  the  fuper- 
oxio;enated  muriate  .  of  mercury  by  tin,  and 
gave  his  name  to  that  produft.  Bergman  has 
treated  upon  the  fulphureous  ore  of  tin,  or 
native  fpecies  of  aurum  muficum,  from  Siberia, 
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Bullion  and  Pelletier  have  given  well-written 
differtations  on  the  preparation  of  phofphorated 
oxide  of  tin,  Rouelle  the  younger  has  publiflied 
ufeful  experiments  on  the  decompofition  of  the 
fuper-oxigenated  muriate  of  mercury  by  tin. 
Bay  en  and  Charlard  have  enriched  chemif- 
try  with  a  feries  of  valuable  refearches  on 
the  analyfis  of  the  alloys  of  this  metal,  and 
the  art  of  afcertaining  its  purity,  or  the  metallic 
fubftances  which  change  it, 

6.  Since  the  revolution  of  chemiftry,  with^ 
out  its  having  become  the  obje6l  of  a  conne6ied 
feries  of  experiments',  in  all  the  details  of  its 
properties,  according  to  the  ingenious  method 
which  this  revolution  afforded  to  our  experi- 
mental art,  tin  has  been  the  fubje6l  of  a  num- 
ber of  capital  difcoveries,  fome  of  which  have 
concurred  to  eftablifli  the  pneumatic  doftrine, 
and  others  have  ferved  to  give  firmnefs  to  its 
bafis,  and  eftablifli  its  refults.  As  it  was  to 
this  metal  that  John  Ray  dire6led  the  attention 
of  philofpphers  in  1630,  by  his  opinion,  that  air 
is  fixed  in  the  metal  during  its  calcination ; 
and  as  Boyle,  at  the  end  of  the  fame  cen- 
tury, endeavoure4  to  afcertain  the  caufe  of 
the  augmentation  of  weight  in  its  calx,  fo  La- 
voifier  repeated  and  rectified  in  1774-,  the  ex- 
periment of  Boyle,  by  calcining  tin  in  a  large 
clofed  veffel  of  glafs,  contain  infg  a  certain 
know  quantity  of  air.  By  this  experiment  he 
opened,  in  a  certain  degree,  the  fcene  of  his 
aftonifliing  chemical  refearches  upon  air,  and 
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proved  that  the  pretended  calcination  of  metalsf 
is  merely,  a  combination,  in  which  a  part  of 
^tmofpheric  air  becomes  fixed,  and  combines 
with  them.  Since  thefe  interefting  experiments. 
Citizens  Adet  and  Pelletier,  by  ingenious 
methods  examined  the  muriate  of  tin  in  its  two 
ftates,  and  have  fliown  how  much  the  properties 
of  this  metal  may  be  cleared  up  by  the  pneu^ 
matic  do6lrine,  and  how  greatly  thefe^properties 
are  themfelves  calculated  to  eftablifli  the  prrn- 
.eipal  points  of  that  do6lrine;  accordingly, 
though  the  refearchefr  of  chemifts  upon  tin,  are. 
far  from  being  exhaufted,  we  ihall,  neverthdefs, 
find,  that  the  hiftory  of  this  metal,  preftnted 
according  to  the  cxa6l  data  of  the  pneumatic 
chemiftry,  offers  precife  and  exadl  refults,  and 
a  much  more  perfe6l  whole,  than  could  be 
formed  in  the  fyftematical  works  written  beforCi 
or  even  fmce  that  happy  epocha* 


B.  Phjifical  FT(^ertk$^ 

7.  Pure  tin  is  of  a  white  colour,  equal  in 
beauty  and  brilliancy  to  that  of  filver ;  and  if 
this  colour  were  not  changeable,  it  would,  with 
regard  to  this  property,  be  as  valuable  as  filver. 
It  was  formerly  confidered  as  the  lighteft  of 
metals,  when  a  diftin^  and  particular  clafs  was 
made  of  the  femi-^metals.  Its  fpecific  gravity 
is  from  7,291  to  7,500,  according  to  the  com- 
parative  experiments    of    philofophers,    fron^ 
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Mufchenbroeck  to  BriiToTi,  upon  different  fup- 
pofitions.  It  occupies  the  twelfth  rank  with  re* 
gard  to  this  property. 

8.  It  is  one  of  the  fofteft  of  metals*  It  may 
be  eafily  fcratched  with  the  nail ;  and  there  is 
fcarcely  any  other  metal  which  cannot  injure 
its  furface  Jby  preffure  or  by  fri6iion*  A  knift 
readily  cuts  it:  it  may  be  eaiiiy  bended,  and 
when  bended  affords  a  peculiar  crackling  noife^ 
In  this  property  it  has  been  compared  to  zinc, 
but  the  noife  is  very  different,  or  much  weaker 
in  zinc  than  in  tin* 

This  phenomenon  appears  to  depend  on  a 
feparation  of  its  parts,  and  the  fudden  frafiture 
which  they  fuffer  by  the  beiiding,  though  tin 
is  not  eafily  broken.  Its  fonorous  quality  is 
feeble;  its  du^ility  is  fufRcient  to  admit  of  its 
being  reduced  by  the  hammer,  or  laminating 
cylinder,  into  very  thin  leaves,  which  are  of 
great  ufe  in  the  arts.  It  holds  the  fifth  rank 
among  the  metals,  in  this  property.  It  has 
little  elafticity  or  tenacity ;  a  wire  of  this  metal^ 
of -^  of  an  inch  diiameter,  fupports,  without 
breaking,  a  weight  of  AQ\  pounds  French. 

9.  Tin  is  one  of  the  mofl  dilatable  of  metals 
by  caloric,  according  to  the  pyrometric  experi* 
ments  of  Mufchenbroeck.  A  fmall  cylinder  of 
this  metal,  fix  inches  lottg,  expofed  to  heat,  \n 
boiling  water,  afford  a  dilatation  equal  to  ,64w 
This  philofopher  places  tin,  in  the  firft  oi-der  of 
diilafable  metals,  and  iron  in  the  lai^;  whence  it 
ihould  fecrn^  that  the  dilatability  of  metals  may 

;  follow 
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follow  the  ratio  ^f  their  fufibility.  Its  conduc- 
ing property  of^  caloric,  is  alfo  very  ftriking. 
After  mercury,  tin  is  the  moft  fufible  metallic 
fubftance ;  it  comes  immediately  before  bif- 
muth  and  lead  in  this  refpeft.  Citizen  Guy  ton 
expreffes  it  by  the  l68th  degree  of  Reaumur's 
fcale.  When  fufed,  it  does  not  rife  in  vapour 
but  at  a  very  elevated  temperature;  it  has  ever 
been  confidered  as  one  of  the  mod  fixed  of 
metals,  on  which  account  the  alchemifts 
thought  it  confiderahly  refembled  filver.  If  it 
be  fuifered  to  cool  flowly,  and  when  its  furface 
is  congealed  it  be  pierced,  and  the  part  which 
is  ftill  fluid  be  carefully  poured  out,  the  in- 
terior prefents  cryftals  in  rhombs  of  confiderable^ 
fize,  formed  by  the  affemblage  of  a  great  num- 
ber of  fmall  needles  longitudinally  united. 
One  of  my  pupils.  Citizen  Hapel-Lacheneye, 
who  is  at  this  time  at  Guadaloupe,  where 
he  has  been  for  feveral  years  employed  in  valu- 
able refearches  upon  the  colonial  produAions, 
was  the  firft  who  cryftallized  tin  in  this  man- 
ner, in  my  laboratory,  in  the  year  1782. 

10.  Tin  is  a  very  good  condu6lor  of  electri- 
city, and  is  frequently  ufed  for  this  purpofe  for 
covering  conduftors,  and  for  Leyden  bottles. 
It  is  alfo  effeftual  with  regard  to  animal,  or 
galvanic  eleftricity,  which  it  ftrongly  conduds 
when  it  is  in  conta6l  with  a  nerve,  and  has 
communication  with  another  metal5  It  has  a 
very  remarkable  odour,  with  which  it  impreg- 
nates the  hands  and  bodies  rubbed  with  it.     Its 

tafte 
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tafte  is  alfo  very  fenfible,  and  there  is  no  doubt 
but  that  it  poffefles  very  powerful  medical  pro- 
perties, as  I  fhall  fhow  by  experiments  at  the 
end  of  this  article. 


C.    Natural  Hiflory. 

11.  Tin  is  not  very  abundant  in  the  bowels 
of  the  earth,  at  lead  in  Europe.  Very  few 
mines  of  tin  are  known  in  Alia  and  Africa. 
There  are  fome  in  Siberia;  but  they  are  more 
frequent,  and  more  rich,  in  Cornwall,  in  Bohe- 
mia, and  in  Saxony.  The  mod  fkilful  mineral 
ogifts  have  hitherto  diftinguifhed  only  three 
fpecies  of  tin  ores,  namely,  native  tin,  its  oxide, 
and  its  fulphurated  oxide. 

1 2.  Native  tin  has  been  an  object  of  doubt 
and  difcuffion  in  mineralogy.  It  is  faid  to  have 
been  found  in  Saxony,  Bohemia,  and  in  Ma- 
lacca. Some  naturalifis  have  denied  its  exift- 
ence;  but  Mr.  Woulfe,  an  Englifh  chemift,  has 
terminated  this  fcientific  difpute  by  the  dif- 
covery  of  native  tin  in  Cornwall,  in  the  year 
1 76!S. ,  This  tin  is  grey  and  brilliant  in  its  frac- 
ture; it  flattens,  and  affords  brilliant  and  duc- 
tile plates  under  the  hammer.  It  is  found  in 
thin  plates,  engaged  in  a  gangue  of  quartz,  or 
regularly  cryftallized.  Mr.  Quisit  has  confirmed 
the  nature  of  this  mineral  by  his  experiments. 
It  was  thought  to  have  been  found  in  France 

a  few  years  ago  near  the  commune  of  £fpieuX| 
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in  the  department  of  La  Manche.  Citizeit 
Schreiber,  inspector  of  the  mines,  being-fent  to 
the  fpot  by  the  council  of  mines,  carefully  exa-* 
mined  the  fpecimens  and  the  places  whence  they 
were  obtained,  and  has  decided  that  they  were 
only  accidental.  Thofe  pieces  were  cracked, 
and  covered  with  a  grey  oxide,,  in  which  was 
feen  metallic  tin,  ductile,  adhering  to  a  white 
fubftanee,  lamellated,  cryftallized,  and  which 
was  known  to  be  muriate  of  tin.  They  were 
fimply  depofited  in  a  particular  place,  without 
any  other  trace  of  tin  ores,  fo  difpofed  and  info- 
lated  as  to  lead  to  the  concluiion  that  they  were 
neither,  in  appearance  nor  properties  a  native 
jirodudlion;  and  every  thing  tends  to  fljow  that 
they  arofe  fmm  an  ancient  tin  manufactory 
which  had  been  buried  in  the  ground. 

18.  The  native  oxide  of  tin  is  the  moft  fre- 
quent ore  of  this  metal,  and  at  tlie  fame  time  moft 
variegated.  However  numerous  thefe  varia- 
tions may  be,  they  muft  all  be  arranged  under 
one  and  the  fame  fpecies.  They  are  in  general 
denominated  cryftal,  or  cryftals  of  tin.  The 
primitive  form  of  thefe  cryftals,  according  to 
Citizen  Haiiy,  is  that  of  a  cube  performing  the 
fun  Aion  of  a  parallelopipedon,  of  which  the  di* 
menfious  are  different  on  the  oppofite  feces  from 
vhat  they  arc  on- the  four  other  feces;  thefe  then 
reprefent  the  fides  of  a  prifm.  Tliefe  cryftals 
exhibit  a  concave  angle,  formed  of  four  trian«> 
gular  faces,  arifing  from  ttie  junftio^^  of  two 
portionsr  of  the- fame  cryftal,  oneof  which  is  ap« 
"^  plied 
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plied  against  the  other  in  a  reverfriHk^ation. 
This  has  been  denominated  by  Citizen  tiaiiy, 
hemitrope  oxided  tin,  or  Ijalf  turned.  .  There  is 
another  variety  of  form,'  which  he  calls  diftic 
oxide  of  tin,  or  with  two  ranges  of  facets,  having 
thirty-iix  faces,  of  which  four  are  vertical.  The 
grey,  light  yellow,  white,  yellowifh,  red,  brown, 
and  black  colours,  form  fo  many  varieties  of  native 
oxide  of  tin,  which  mineralogifts  have  diftiii- 
guifhed  arid  defcribed  in  fome  places  as  fpecies. 
The  native  tungftate  of  lime,  in  the  oclahediai 
form,  has-been  often,  and  for  a  long  tin>e,  con* 
founded  with  the  white  oxide  of  tin ;  but  befrdca 
the  odlahedral  fbrm,  which  this  laft.  has  nyt^  the 
tungftate  affumes,  as  has  been  often  remarked,  a 
citron  yellow  colour,  by  the  a£lion  of  the  nitric 
and  muriatic  acids,  which'  the  oxide  of  tin  does 
not.  The  fpecific  gravity  of  thefe  oxides  of 
tin  amounts  to  between  5,955  and  6,750.  Mr^ 
Kirwan  diftinguiilies  four  varieties  of  this  fpe» 
cies,  to  wit: 

a.  The  oxide  called  ^vhite  tin  ore,  or  tin  fpar; 
it  is  femi-tranfparent,  cryftallized,  whitifli,  in- 
clining tot  grey,  greenilh,  or  yellowifli,  contain* 
ing  no  arfenic,  as  has  been  tliought,  and  was 
long  ago  found  by  Margraft  to  be  the  pureft 
pf  tin  ores.     Its  fpecific  gravity  is  6,007. 

b.  The  brown  or  black  opake  oxide,  the  com- 
monest of  thefe  ores^  often  cryftallized,  contained 
in  quartz,  mica,  orfluateof  Hinae,  never  in  calca- 
reous carbonate,  caJled  zingraiipeii>  when  in  laj^c 
cryftak,  by  tilje  Ggpn^s^  and  whenan  ftijall  cryi^ 

tals 
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tals  zinrwitter;  containing  near  0,80  of  tin  al- 
ways united  to  iron,  and  of  the  fpecific  gravity 
of  6,750,  Mr.  KBaproth  has  analyzed  this 
variety  from  lAlterha  in  Cornwall,  and  found 
the  following  proportions : 

Tin    '     -         -         -         77,50 
Oxigen  -         -         21,50 

Silex      -         -.       -  0,75 

Iron       -         -         -  0,25 

c.  The  rcddiili,  or  reddifli  yellow  oxide  of 
tin,  called  gariiet  tin  ore  by  natnralifts ;  it  is  in 
fmall  -cryftals,  fometimes  femi-tranfparent,  or 
in  a  ftriated  fpherical  form,  refembling  the  he- 
matite, or  zeolite ;  it  weighs  from  5, 300  to  5, 800. 
It  contains  more  oxide  of  iron  than  of  tin. 

d.  Sandy  tin,  or  tin-ftone,  or  zingfteinof  the 
Germans,  and  tinberg  of  the  Swedes.  It  is  the 
oxide  of  tin,  of  all  the  preceding  colours  diffe- 
minated  in  a  quartzofe,  or  fandy  earth,  more  or 
lefs  friable. 

14.  The  fulphurated  oxide  of  tin,  or  tin  mi- 
neralized by  fulphur  of  the  mineralogifts,  has 
been  difcovered  and  defcribed  for  the  firft  time 
by  Bergman,  among  the  minerals  of  Siberia. 
He  found  two  varieties,  one  of  the  colour  of 
zinc,  of  a  fibrous  texture,  containing  0,20  of 
fulphur,  and  0,80  of  tin;  the  other  enyeloping 
the  former  like  a  yellow  incruftation,  or  very 
iimilar  to  what  chemiits  denominated  aurum 
muflivum,  containing  0,40  of  fulphur,  a  little 
copper,  and  the  reft  tin.  Since  this  difcovery 
Mr.  Klaproth  has  examined  the  fulphurated  tin 

from 
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from  the  parifh  of  St  Agnes,  in  Cornwall.  Its 
fpecific  gravity  is  4,350;  its  colour  iliaded  of  a 
pale  and  deep  grey,  refembles  that  of  fdver  in 
its  purest  parts.  Its  fra6lure  is  granulated  and 
metallic.  He  found  the  following  proportions : 
Sulphur         -  -  0,25 

Tin     -  -  ^  0,34 

Copper  -  -  0,36 

Iron  -  -  0,02 

The  copper  in  this  appears  to  be  more  abun- 
dant than  the  tit^,  but  its  quantity,  which  varies^, 
is  frequently  lefs  than  that  of  the  tin. 


D.     Assays  and  Metallurgy. 

15.  The  affay  of  tin  ores  was  formerly  made 
by  roafting  and  redu6lion  w^ith  flux,  and  in  no 
other  method;  the  roafting  which  many  aflay- 
ers  thought  neceffary  for  volatilizing  the  arfe- 
nic,  is  of  no  other  ufe  than  to  attenuate  and  di- 
vide the  ores,  which  are  ufually  very  hard,  and 
very  denfe.  It  was  made  in  a  covered  capfule, 
in  order  to  prevent  the  diflipation  of  the  tin. 
Some  have  advifed  to  mix  a  little  pitch,  in  order 
to  prevent  the  tin  from  being  too  much  oxided. 
The  roafted  ore  was  fufed  very  haftily  with 
three  times  its  weight  of  black  flux,  and  a  little 
decrepitated  muriate  of  foda.  The  comparative 
weight  of  the  ore  before  the  roafting,  and  after- 
wards, as  well  as  that  of  the  metallic  button  ob- 
tained, and  of  the  fcoria  which  covers  it,  ex- 
hibit 
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hibit  the  quantity  of  metal  to  be  eicpefted  from 
the  ore.  \ 

16.  Cramer,  one  of  the  moft  celebrated  aa- 
thors  upon  aflaying,  gives  another  procefs, 
which  is  more  expeditious,  and  fubjeft  tolefs  of 
lofs  in  the  affay  of  the  ores  of  tin.  He  choofes 
two  large  pieces  of  charcoal  of  linden,  or  hazel, 
very  uniform,  without  excavations  or.cracks.  In 
one  of  thefe  he  makes  a  cavity,  intended  to  an- 
fwer  the  purpofe  of  a  crucible,  in  which  he  puts 
limply  the  pulverized  tin  ore,  mixed  with  a  lit- 
tle pitch.  He  perfoi:at€s  the  other  with  a  fmall 
hole,  intended  to  give  vent  to  the  oily  vapours; 
he  applies  this  upon  the  former  as  a  covering, 
and  ties  them  together  with  Tron  wke,  after  hav- 
ing luted  the  places  of  jun^on.     This  appara- 

■  tus  is  placed,  M-^ith  the  fupport  of  the  other 
pieces  of  charcoal  oppofite  the  nofel  of  a  forge 
bellows,  and  fpeedily  lighted.  After  a  few 
minutes  ftrong  blaft,  the  charcoal  is  extin- 
guiihed  by  plunging  it  in  water,  and  the  tin  is 
found  in  the  form  of  a  button  in  the  excava- 

.tion. 

17.  Another  method  has  alfo  been  propofed 
to  make  the  fame  affay.  After  pounding  and 
wafhing  the  ore  thus  fcparated  frorn  the  quart- 
zofe  portions,  which  are  frequently  more  abun- 
dant and  lighter  than  the  parts  of  the  oxide  of  tin, 
thefe  laft  are  to  be  fpeedily  fufed  in  a  lined  cruci- 
ble, well  covered,  having  previoufly  mi^ed  them 
with  twrce  their  weight  of  a  flux,  compofed  of 
equal  parts  of  pitch  and  calcined  borax.  Berg- 
man. 
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man,  in  his  edition  of*  Scheffer,  advifes  to  mix 
one  part  of  waifaed  ore  with  two  parts  of  tartar, 
one  of  black  flux,  and  half  a  part  of  pitch  ;  to 
feparate  this  mixture  into  three  equal  parts,  and 
to  project  them  one  after  the  other  into  a  cruci- 
ble, at  a  white  heat,  which  is  to  be  covered  up  as 
foon  as  each  portion  has  ceafed  to  burn.  The 
operation  performed  in  this  manner  lafts  only, 
according  to  his  report,  from  feven  to  five  mi- 
nutes. Mr.  Klaproth,  having  remarked  that 
the  allcilis  occafion  a  lofs  by  diflblving  a  part 
of  the  oxide,  has  fucceeded  by  a  more  fimple 
procefs.  It  confifts  in  placing  the  ore  in  pow- 
der, in  a  charcoal  crucible,  included  in  a  lined 
crucible  of  clay,  which  he  expofes  to  tlie  heat 
of  a  forge  for  half  an  hour. 

1 8.  With  regard  to  the  humid  affay  of  tin  ore, 
the  following  are  the  inftructions  of  Bergman : 
Native  tin  is  very  eafy  to  be  examined;  the 
nitric  acid  fpeedily  oxiding  it,  reduces  it  to 
white  powder ;  and  if  it  contain  iron  or  copper, 
thefe  two  metals  remain  in  folution :  an  hundred 
parts  of  tin  afford  an  hundred  and  forty  parts  of 
white  oxide,  by  this  acid,  after  the  fame  has  been 
waflied  and  dried.  The  native  ore  in  the  form  of 
oxide,  mixed  with  quartz,  is  very  hard,  and  is  at-- 
tacked  by  no  fmgle  acid,  on  account  of  the  great 
oxidation  of  the  tin  in  its  mixture  with  (ilex.  Berg^ 
man  has,  neverthelefs,  fucceeded  in  analyzing  it, 
by  the  following  procefs:  he  pours  upon  the 
levigated  ore,  concentrated  fulphuric  acid,  and 

digefts  by  a  ftrong  heat  for  feveral  hours;  after 

which 
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which  he  adds  to  the  cold  mixture  a  little  muri- 
atic acid  with  agitation,  by  means  of  which  at 
ftrong  heat,  and  lively  eflferveffcence  are  pro- 
duced, in  confequence  of  a  portion  of  muriatic 
acid  being  deprived  of  its  water,  and  reduced 
into  gas  by  the  fulphuric  acid ;  the  force  of  thefe 
two  acids  united,  efFe6ls  that  folution  which 
feparately  neither  of  th^m  were  capable  of;  an 
hour  after  this  addition  of  muriatic  acid,  Berg- 
man poured  water  on  the  mixture,  which  he  fuf- 
fered  to  fettle,  and  decanted  the  fupernatant 
fluid,  which  held  the  oxide  of  tin  in  folution. 
The  fame  operation  repeated  till  thefe  acids  can 
take  up  nothing  more  from  the  ore,  afforded 
him  on  the  one  hand  the  whole  of  the  oxide  difr 
folved,  and  on  the  other,  the  quartzofe  part  in- 
foluble.  He  precipitated  the  oxide  by  the  car- 
bonate of  foda,  and  found  that  ISl  parts  of  this 
precipitate  reprefent  100  parts  of  metallic  tin'. 
If  this  oxide  contains  iron  or  copper,  if  it  be 
heated  for  fome  time  with  conta6l  of  air,  and 
fucceflively  treated  by  the  nitric  and  muriatic 
acids,  the  firft  diffolves  the  iron,  and  the  fecond 
the  copper,  without  touching  the  oxide  of  tin. 
This  laft  procefs  was  propofed  by  Kirwan,  and 
it  mull,  in  fa6l,  anfwer  the  purpofe  intended  to 
be  produced,  by  a  more  exa6l  knowledge  of  the 
ores  of  tin. 

19.  Mr.  Klaproth,  in  his  analyfis  of  the  ores 
of  tin,  having  obferved  that  the  whole  of  the 
oxide  of  this  metal  cannot  be  diflblved  by  the 
procefs  of  Bergman,   and  fuppofmg  that  this 

might 
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might  be  owing  to  its  high  (late  of  oxidation, 
had  recourfe  to  that  fiibftance  which  in  his 
hands,  for  feveral  years  paft,  has  become  fo  ex- 
cellenf  and  powerful  a  means  of  analyfis.  He 
fufed  one  part  of  the  ore  of  tin  with  fix  parts 
of  cauflip  potafh,  in  a  filver  crucible,  keeping 
the  mixture  ignited  for  half  an  hour.  He  di- 
luted this  matter  in  water,  which  diffolved  it 
without  acquiring  any  colour;  he  poured  in 
muriatic  acid,  which  formed  a  white  precipi- 
tate, again  foluble  by  excefs  of  the  acid;  after 
which  he  precipitated  the  oxide  of  tin  by  the 
carbonate  of  foda.  After  havitig  re-diflblved  it 
a  fecond  time  by  the  muriatic  acid,  he  feparated 
the  tin  by  immerfion  of  a  plate  of  zinc.  This 
procefs,  in  faft,  fucceeds  much  better  than  that' 
of  Bergman,  becaufe  it  is  founded  on  the  great 
folubility  of  the  oxide  of  tin  in  the  fixed  alka^ 
lis. 

20.  The  operation  in  the  large  way  upon  tin 
ores,  confiderably  refembles  the  affays  in  the  dry 
way  which  have  been  defcribed.  It  is  afferted, 
that  in  working  thefe  mines  it  is  frequently  ne- 
ceffary  to  burn  fires,  for  the  purpofe  of  obtain- 
ing the  gangue,  and  that  thefe  fires  in  the  mine 
develop'  very  dangerous  vapours.  All  books 
fpeak  of  the  arfenic  difengagcd  from  tin  ores 
when  ro^fted,  and  it  is  difficult  to  reconcile 
thofe  aflertions  with  the  exa6l  analyfis,  which 
does  not  fhow  arfenic  in  the  native  oxides ;  at 
leaft,  unlefs  We  fuppofc  it  to  exifl:  in  the  differ- 
ent minerals  which  accompany  thofe  native 
.   Vol.  VI.  C  oxides, 


oxides,  and  contain,  as  it  fliould  appear,  much 
arfenical  matter.  The  ores  of  tin  are  foipetimes 
found  at  little  depths  beneath  the  fand,  as  is.  , 
feen  at  Eibenftock.  This  mine  is  fo  valuable  as 
to  be  waflied  upon  tables  faced  with  cloth,  for 
the  purpofe  of  retaining  the  metallic  particles. 
Tliefe  are  roafted  in  reverbatory  furnaces,  and 
give  out,  according  to  various  metallurgical  au- 
thors, arfenic;  in  the  .form  of  an  oxide,  whichis 
volatilized  in  horizontal  chimneys;  it  is  evi- 
dent that  this  operation  relates  only  to  the 
arfenical  mixture  I  have  fpoken  of.  The  ore 
thus  roafted,  is  £|fterwards  fufed  in  the  furnace, 
and  the  tin  is  poured  out  into  ingot  moulds^ 
where  it  acquires  the  form  of  blocks,  under 
which  it  is  fold* 

Extend ve  tin  works  are  carried  on  in  En- 
gland, in  Germany,  and  in  India*  The  purest 
of  all  tin  in  the  market  is  that  which  comes 
from  Banca  and  Malacca.  This,  which  in  moft 
books  is  defcribed  as  the  pureft,  is  in  faft  fo, 
for  it  contains  no  foreign  metallic  fubftance. 
It  has  the  form  of  a  lliort,  truncated,  quadran- 
gular pyramid,  with  a  thin  projecting  edge,  and 
weighing  about  one  pound  each  piece.  The  tin 
of  Banca,  which  is  alfo  very  pure,  is  fold  in  in- 
gots of  forty-five  or  fifty  pounds.  Both  are  ex- 
tremely grey,  and  covered  with  a  thick  ruft, 
produced,  no  doubt,  by  the  damp  and  fait  air 
of  the  fea,  and  the  vapours  with  which  they 
have  been  furrounded  on  fliip-board.  The  En- 
glifli  tin,  which  is  more  ufed  than  that  of 
.     '-  :    ,  India, 


India,  is  fold  in  large  pigs  of  about  three  huii- 
dred  weight  each.  It  is  alloyed  with  copper, 
cither  naturally  or  artificially;  for  the  laws  of 

jf  England  oixlain,  that  it  fhall  not  be  exported 
without  this  alloy  *w  Accordingly  that  kind  of 
tin  which  has  the  form  of  grains,  or  ftalac- 
tites,  and  is  brought  from  England,  was  found 
to  contain  copper,  according  to  the  experiments 
of  Bayen  and  Charlard.  The  tin  of  Germany 
and  Saxony  is  no  lefs  impure  i  but  it  is  not  true 

.  that  it  contains  arfenic,  as  MargrafF  afferted* 
We  fhall  foon  fee  that  the  quantity  which  he 
admitted,  could  not  in  any  degree  exift>  without 
changing  all  its  properties,  and  without  render* 
ing  it  incapable  of  anfwering.ufesto  which  it  ii^ 
deftined.  For  the  facility  of  fale  the  tin-work- 
ers caft  it  into  fmall  ingots  or  bars,  of  five  de-- 
cimetres  in  length,  and  from  four  to  fix  cen- 
timetres in  thicknefs* 


E*  Oxidability  by  the  Aifk 

2L  Tin  is  not  oxided  in  the  air  without 
heat,  but  very  difficultly,  but  it  foon  lofes  iu 
bright  and  beautiful  white  colour.  ^  When  cut 
it  is  as  brilliant  and  as  clear  as  filver,  but  in  a 
few  hours  this  fine  colour  changes,   becomes 

•  The  ingenious  siuthor  is  miftaken  with  regard  to  the  ope^k 
ration  of  a  law  of  this  kind :  the  impurity  he  fpeaks  of  oiuft 
ariie  from  other  caufes, 

Cfi  dull, 
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dull,  and  in  a  few  days  becomes  tarniihed. 
Long  expofure  to  the  air  confiderably  increafes 
this  alteration,  though  it  takes  place  only  at  the 
furface;  fo^  that  at  laft  it  becomes  of  a  dirty- 
grey,  withput  any  brilliancy,  and  is  covered 
with  a  light  ftratum  of  grey  oxide.  It  is,  there- 
fore, neceffary  that  veffels  of  tin  fhould  |)e  fre- 
quently cleaned  and  brightened  to  renew  their 
farface,  and  retain  their  beauty.  But  this  weak 
oxidation  never  penetrates  fo  deeply  as  to  juf- 
tify  the  affertion  that  tin,  like  the  other  metalsy 
rufts  in  the  air. 

22.  When  tin  is.  fufed  with  the  -contaO;  of  the 
air,  the  metal  when  fcarcely  liquefied,  become^ 
covered  with  a  dull,  grey  pellicle^  which  be- 
comes wrinkled,  and  feparates  from  the  portion 
of  fufed  tin.  When  this  j>ellicle  is  detached, 
another  is  formed,  and  by  proceeding  in  the 
fame  manner,  the  whole  of  tl^p  tin  may  be  con- 
verted into  pellicles.  In  this  ojxidation  the  tin 
becomes  brittle,  and  of  ap.  earthy  appearance, 
and  this  oxide  formed  at  its  furface  can  no  lon- 
ger adhere  or  combine  with  the  metallic  portion. 
In  the  art  of  cafting  and  purifying  tin  veflTels, 
this  oxided  matter,  formed  at  the  furface  of  the 
metal  in  fufion,  was  called  drofs,  and  it  is  very 
evident  that  it  is  in  the  power  of  the  founder  to 
coiivert  all  the  tin  into  drofs;  he  confequently 
did  not  lofe  this  pretended  impurity,  but  knew 
very  well  how  to  recover  it  again  in  its  metallic 
form,  by  heating  it  with  tallow  or  refin.  This 
cruttis,  therefore,  a  true  grey  oxide  of  tin;  the 

metal 
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metal  contains  from  eight  to  ten  per  cent,  of 
43xigen,  and  it  is  very  eafily  r^luced.    If  tin  be 
continually  heated  with  the  contaft  of  air,  par- 
ticularly with  agitation,  it  becomes  divided,  at- 
tenuated, and  is  changed  into  a  powder,  which 
gradually   becomes    white,    with    increafc    of 
weight,  is  more  oxided,  and  conftitutes  what  is 
called  putty  of  tin  in  the  arts.     This  laft  oxide 
contains,   according   to  the  comparative   ex- 
periments of  J.    lley.   Van   Hehnont,   JBoyte, 
and  Wallerius,  between  feventeen  and  twenty 
parts    of    oxigen,    with    one  hundred  of   the 
metaU     Lavoifier,  in  making  this  experiment, 
in  a  glafs  retort,  hermetically  clofed,  obtained  a 
blackifh  oxide  in  light  flakes,  an4.  has  proved, 
that  its  augmentation  of  weight  is  exactly  pro- 
portional to  tl)ie  lofs  which  the  air  in  the  appa- 
ratus has  undergone* 

23.  The  oxidation  which  I  have  here  def- 
cribed,  is  only  the  firft  and  weakeft  combuftion 
of  the  tin;  it  is  capable  of  undergoing  a  much 
ftronger  combuftion  when  its  temperature  is 
greatly  raffed:  and  when  it  is  urged  after  its 
fuflpn  to  a  red  heat,  fufficient  to  reduce  it  into 
vapour,  it  then  prefents  a  true  inflammation. 
If  it  be  thus  heated  in  a  fmall  quantity,  upon 
charcoal,  by  the  flame  of  tlie  blow-pipe,  and  if 
the  globule,  the  moment  it  begins  to  ignite,  be 
thrown  out  of  its  receptacle,  fo  that  it  ihall  fall 
on  the  ground,  the  tin  is  difperfed  in  luminous 
globules  truly  inflamed,  which  move,  and  are 
2  /  agitated 
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agitated,  for  fome  time,  upon  the  pavement, 
throwing  out  burning  fparkles,  which  exhibit  a 
very  agreeable  fpe£lacle.  The  lame  effe6l  is  ob- 
tained, according  to  an  old  obfervation  of 
Geoffrey,  when  tin  is  ftrongly  heated  in  a 
crucible.  When  this  veifel  is  of  a  ftrong  red 
heat,  the  metal  already  covered  Avith  a  ftratum 
of  oxide,  rifes,  and  ftarts  out  in  jets,  which 
exhibit,  in  the  air,  a  lively  Adiite  flame,  fimilar 
to  that  of  zinc.  We  alfo  fee,  that  thefe  jets  of 
flame  are  fucceeded  by  fumes  of  a  white  oxide> 
which  is  condenfed,  upon  cold  bodies,  in  bril-p 
liant  and  tranfparent  cryftalline  needles. 

24.  The  expofure  of  tin  to  a  ftrong  heat,  for 
a  varied  fpace  of  time,  with  conftant  accefs  of 
air,  and  the  remarkable  phenomena' which  ac-^ 
company  its  oxidation,  have  been  the  fubje6l 
of  important  experiments  made  by  Margraif, 
Macquer,  Citizens  Darcet  and  Baum6.  Thefe 
four  chemifts  agree  in  remarking,  that  the  oxide 
of  tin  formed  in  this  cafe,  is  partly  cryftallized 
in  fine  needled  prifms  of  the  moll  beautiful 
white ;  that  this  oxide  rifes,  and  forms  herbo- 
rizations  or  vegetations,  imitating  a  cauliflower; 
that  under  this  fnow-white  fubftauce  is  found 
another  reddifli  oxide  or  glafs,  of  an  hyacinth,  or 
violet  colour,  or  ruby,  or  garnet-red,  which 
immediately  covers  the  unaltered  portion  of 
jnetal,  where  thecontacl  of  the  air  has  been  pre- 
vented, and  confequently  no  oxigen  abforbed. 
In  fome  of  the  experiments  a  pure  yellow  glafs 

was 
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^^s  afforded,  or  green  vitrified  covering;  but 
it  is  probatle  that  this  arofe  from  iron,  copper, 
or  fome  other  colourins;  metallic  fubftance. 

25.  Thefe  grey,  white,  violet,  or  dark  reddifli 
colours,  aflumed  by  the  oxide  of  tin,  in  palling 
from  the  minimum  to  the  maximum  of  its  oxi- 
dation, by  different  degrees  of  vitrification, 
though  lefs  rich  and  fliaded  than  thofe  of  many 
other  metallic  fubftances,  fliow,  neverthelefs, 
that  the  various  proportions  of  oxigeh  occafion 
correfponding  changes  in  the  ftate  of  its  com- 
binations, and  ^pear  to  explain,  by  the  greater 
or  lefs  degree  of  oxidation,  the,  feveral  modifi- 
cations of  the  native  oxides  of  this  metal,  from 
the  white  and  the  grey  to  the  violet  and  the 
brown  or  deep  red.  They  also  explain  tfee 
diverfity  Avhich  is  met  with  in  the  putties  of 
tin,  in  which  we  find  fliades  of  grey,  white, 
yellow,  and  red;  which  appear  to  depend  on 
the  different  proportions  of  oxigen,  though 
they  alfo  may  arife  from  the  mixture  of  fo^le 
other  metallic  oxides,  particularly  lead,  copper, 
or  iron. 

26.  While  chemifts  have  fiiown  by  thiefe  ex- 
periments, the  tendency  of  tin  to  vitrify  by  an 
elevated  temperature,  tbey  have  not  fliown  the 
means  of  determining  the  exacSl  proportion  of 
oxigen  contained  in  the  oxiae  at  different  det 
grees  of  oxidation.  All  that,  can  be  concluded, 
in  general,  from  their  remarks  is,  that  the  pro- 
portion of  this  principle,/  fixed  iji  tin,  never 

exceeds 
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exceeds  eighteen  parts  in  the  hundred  of  this 
meta^l ;  fo  that  it  does  not  form  quite  the  (ixth 
part  pf  the  tnoft  complete  oxide.  They  have 
alfo  fliown  that  this  oxide  of  tin,  as  ftrongly 
burned  as  was  laft  mentioned,  becomes  almoft 
irreducible,  or  that  it  can  fcarcely  be  again 
j!eftored  to  its  metallic  form,  a  circumftance 
which  proves  the  great  adhefioh  of  tin  and  oxi* 
gen,  an  adhefion  which  many  fadls  alfo  prove, 
on    examining   the    other  properties   of   this 

metal, 

^ 

F.  Union  with  Combujiibks. 

27.  Thkke  is  no  known  combination  betAveen 
ft20te,  hidrogen,  carbon,  and  tin.  Margraff  has 
only  obferved,  that  when  tin,  in  filings,  is  mixed 
with  charcoal  in  poAvder^  in  equal  parts,  this 
mixture  introduced,  and  very  ftrongly  heated 
in  an  earthen  retort,  afforded  no  fublimate  or 
flowerS;  and  a  fmall  proportion  of  that  oxide  of 
tin.  which  he  had  obtained  in  his  experiments 
upon  the  metal  by  itself;  and  that  he  likewife 
obferved  no  fufion,  but  that  it  was  merely 
changed  into  a  coarfe  blackifti  powder.  When 
the  mixture  was  afterwards  walhed,  he  found 
the  tin  in. very  fine  grains.  Thus,  in  this  aflay 
tb«  fufion  of  the  tin  in  one  fingle  mafs,  had  been 
prevented  by  the  prefence  of  the  charcoal;  and 
as  tliere  was  no  arfenical  fublimate,  we  may  be 
furprized  that  Margraff  was  iiot  by  this  refult. 

prevented 
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prevented  from  admitting  the  exiftence  of  that 
poifonous  metal  in  tin,,  particularly  in  the  pro- 
portion he  has  afferted  of  its  exiftence. 

28.  Phofphorus  combines  eafily  and  ftrongly 
with  tin,  as  has  been  ihown  in  the  valuable  ex- 
periments of  Pelletier  on  this  combination^ 
When  phofphorus  is  thrown  upon  melted  tin 
in  a  crucible,  thefe  two  bodies  unite,  and  the 
refult  is  a  phofphoret  of  tin,  which  contains 
0, 15,  or  0,20,  of  phofphorus.  This  compound  is 
of  a  111 ver- white  colour ;  ^  may  be  cut  with  a 
knife;  cryftallizes  by  cooling;  has  a  lameU 
lated  texture ;  can  be  flattened  under  the  ham* 
mer,  but  foon  feparates  into  plates :  under  the 
file  it  affords  filings  fimilar  to  thofe  of  lead ; 
when  thrown  upon  ignited  charcoal  the  filings 
burn,  and  emit  the  fmell  and  flame  of  phof- 
phorus. Before  the  blow-pipe  the  phofphorus 
alfo  burns,  and  the  fmall  button  which  remains 
is  covered  with  a  tranfparent  glafs.  MargraflT, 
who  had  obtained  this  phofphoret  of  tin  without 
Aifpeding  it,  by  a  procefs  which  I  ihall  here- 
after defcri6e,  fpoke  of  it  as  foliated  and  bril- 
liant, brittle,  refembling  zinc,  and  affording  a 
phofpboric  flame  upon  ij;nited  charcoal.  Pel* 
letier  diftilled  this  phofphoret  of  tin  with  the 
fuper-oxigenated  muriate  of  mercury;  and  his 
produ6te  Were  thcf  fuming  muriate  of  tin,  run- 
ing  mercury,  and  a  phofphorated  hidrogen  gas» 
which  took  fire  with  detonation,  on  quitting 
the  retort.  There  remained  in  the  veffel  an  in- 
flated mattei^  which  burned  upon  charcoal  iu 
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the  manner  of  phofphorus,  and  which  he  con- 
ceived to  be  a  combination  of  tin  and  phof^ 
phorus. 

29.  Sulphur  eafily  unites  with  tin,  and  forms 
a  compound,  Adiich  exifts  in  little  abundance, 
as  it  fliould  feem,  in  nature.  Tin  is  combined 
with  fulphur  by  throwing  the  latter  upon  the 
fufed  metal  in  a  crucible :  it  is  obfervable  that 
the  fufion  of  the  tin  is  flopped.  From  this  union, 
which  abforbs  fixteen  or  twenty  parts  of  ful- 
phur for  an  hundred  of  tin,  there  refults  a  bril- 
liant matter  of  a  metallic  grey,  often  bluifh,  of 
a  lamellated  and  radiated  frafture,  cryftallizing 
in  cubes,  which  pafs  to  the  oftahedron,  attacked 
by  the  acids  with  effervefcence,  and  very  fel- 
dom  found  among  the  ores  of  tin,  though  art 
has  fo  eafily  formed  it. 

.  30.  If  equal  parts  of  oxide  of  tin,  fufficiently 
oxidedj  and  of  fulphur,  be  moderately  and 
gradually  heated  in  a  retort  or  crucible,  there 
is  a  difengagementof  fulphureous  acid  gas,  and 
fulphur,  and  there  remains  in  the  veffel  a  bril- 
liant compound  of  the  colour  of  gold,  not  vola^ 
tile,  cryftallizable  in  hexahedral  plates,  not  at^ 
tacked  by  the  acids,  emitting  fulphureous  acid 
and  fulphur,  by  a  ftrong  heat,  and  leaving  a  black 
mafs  of  fulphuret  of  tin.  This  compound,  Avhich 
was  defcribed  by  Eunckel,  and  originally  dif- 
covcred  by  the  alchemifts,  to  whom  it  afforded 
chimerical  hopes,  has  obtained  the  name,  of 
aurum  mufivum,  muficum,  mofaicum.  It -is 
the  fulphurated,  or  hydro-fulphurated  oxide  of 

tin, 


tin,  of  which  the  nature,  the  preparation,  and 
the  properties,  were  fo  well  defcribed  by  Pel- 
letier  in  1792,  that  fcarcely  any  thing  remains 
to  be  added  to  his  complete  examination  of  this 
compound.  It  is  not,  however,  by  the  imme- 
diate procefs  of  heating  the  oxide  of  tin  and 
fulphur,  that  this  hidrp-fulphureted  oxide  is  pre-' 
pared..  We  fhall  fee  hereafter  the  numerous  lift 
of  very  various  means  employed  in  its  forma^ 
tion.  It  is  fufficient  that  in  general  we  obferve, 
that  whenever  the  oxide  of  tin  is  in  contaft 
with  fulphur  in  a  very  divided  ftate,  or  Avith 
hidro-fulphurets,  at  a  certain  degree  of  tern* 
perature,  this  golden  qompound  is  formed,  re- 
Ipe6ling  which  I  fhall  hereafter  treat. 

3 1 .  Tin  does  not  eafily  unite  with  fulphurated 
hidrogen  gas ;  nev^rthelefs,  when  it  is  plunged 
into  this  gas,  or  in  water,  which  holds  it  in 
folution,  it  fpeedily  changes  colour,  affumes  a 
golden  yellow  colour,  and  appears  to  decom* 
pofe  the  hidro-fulphuret.  This  a6lion'  is  much 
ftronger  on  the  part  of  the  oxides:  thefe  im^ 
mediately  become  yellow,  and  afterwards  black, 
when  dried  in  the  air,  and  aiiume  the  metallic 
and  golden  brilliancy  of  aurum  muUvum,  Avhcn 
gently  heated.  .  The  hidro-fulphurets  and  hidro^ 
fulphurated  water,  fpeedily  lofe  their  odour  in 
confequence  of  this  alteration.  It  is  very  evi^ 
dent,  that  hidro-fulphurated  oxide  of  tin,  is  in 
this  cafe  formed^ 

32.  Tin  is  capable  of  combining  with  many 
metallic  fubftances,  and  forms  alloys  more  or 
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lefs  remarkable,  but  lefs  with  moll  pf  the  metals 
already  treated,  than  with  thofe  which  remain 
to  be  treated  of  hereafter.     Arfenic  cannot  be 
united  by  fufion  in  crucibles  with  tin  but  with 
great  difficulty  on   account  of  its  volatility. 
MargrafF  has  fhown,  neveithelefs,  that  this  alloy 
may  be  made  by  means  of  the  arfenious  acid 
from  which  part 'of  the  tin  takes  its  oxigen: 
and  from  this  experiment  it  was,  that  he  fpread 
the  alarm  refpefting  the  economical  ufes  of  tin. 
Citizen  Baum^,  by  heating  the  acidulous  arfc- 
niate  of  pot-afh,  or  Macquer's  neutral  aifenical 
fait,  with  tin,  which  this  metal  decompofes  ac- 
cording to  him,  affirms  that  he  obtained  a  brilliant, 
brittle  and  plated  button,  refembling  antimony. 
Bayen  has  feen  and  defcribed  this  combination 
much  more  accurately.     He  proved,  in  the  firft 
place,  that  the  arfenious  acid  does  not  combine 
with  tin ;  his  experiments  have  fliown,  that  the" 
fears  which  have  arifen  in  confequence  of  the 
erroneous  experiments  of  Margraft^  were  merely 
-chimerical.     By  treating  fifteen  parts  of  tin  in 
filings,  and  one  part  of  metallic  arfenic  in  pow- 
der, in  a  retort,  by  ignition,  he  fcarcely  fublimed 
one  feventieth  part  of  arfenic  in  arfenious  acid  ; 
this  volatile  metal  became  fixed  by  its  combi- 
nation with  tin.     At  the  bottom  of  the  retort, 
a  metallic  button;  exceeding  the  fum  total  of 
the  two  metals  employed,  was  found,  which  M^as 
cryftallized  in  large  faces,  or  facets,  like  bif- 
jnuth,  but  more  brittle  than  zinc,  more  difiicuU 
to  fufe  than  tis^  and  when  foftenad  by  the  fire» 

and 


and  prefled  with  a  rod  of  iron,  produced  a  noile 
by  tlie  friftion  of  its  plates,  and  from  which  the 
arfenic  does  not  feparate  but  by  heating  for  a 
long  time  in  the  air.  The  examination  which 
he  made  of  this  alloy  of  one  fixteenth  of  arfenic, 
of  which  he  carefully  varied  the  proportions  by 
adding  tin ;  the  means  he  has  given  to  afcertain 
the  prefence  of  arfeilic  in  tin,  particularly  by 
the  muriatic  acid,  which  diflblves  the  latter, 
and  fuffers  the  other  to  fall  down  in  a  black 
powder ;  the  comparative  analyfis  which  he  has 
nitide  of  all  the  wrought  or  crude  tins  ufed  in 
France,  have  entirely  alTured  the  French  govern- 
ment, and  all  reafonable  men,  that  there  is  no 
foundation  in  the  pretended  danger  of  tin  in 
domeftic  ufe.  It  refults,  in  general,  from  his 
cxperhnents  upon  arfenicated  tin,  1.  That  the 
quantity  of  arfenic  which  MargrafF  fuppofed  he 
had  found  in  the  tin  of  Morlaix,  which 
amounted  to  almoft  a  ninth  of  its  weight,  would 
be  much  more  than  fufficient  to  take  away  from 
that  metal  its  well-known  foftnefs  and  flexi- 
bility, and  to  render  it  at  leaft  as  brittle  as  ziric; 

2.  That  the  tins  of  Banca  and  Malacca  do  not 
contain   an   atom  of   this    dangerous    metal ; 

3,  That  the  Engliih  tin,  in  large- blocks,  affords^ 
by  the  aftion  of  muriatic  acid,  a  fmall  quantity 
of  blackifli  powder,  frequently  mixed  with  cop- 
per and  arfenic,  in  which  the  latter  never  ex- 
ceeds a  feven  hundredth  part,  and  is  frequently 
lefs;  4.  That  the  mixture  made  by  the  pewter- 
ers,  of  the  tin  of  Malacca  and  Banca^  with  that 

from 
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from  England,  diminifhes  ftill  more  this  trifling 
proportion :  5.  That  arfenic  united  to  tin,  par* 
ticularly  when  in  fo  fmall  a  quantity  as  that 
which  he*  has  occafionally  found,  lofes  th6 
greateft  part  of  its  corrofive  and  poifonous 
a6lion  ;  6.  Laftly,  that  the  very  fmall  quantity 
of  tin  fo  weakl)^  arfenicated,  which  can  enter 
into  our  food  by  the  daily  ufe  of  ytenfils  made 
with  this  metal,  can  have  no  influence  upon  the 
animal  economy ;  fince,  according  to  the  com- 
putation made  from  the  lofs  undergone  by  a 
plate  continually  Aifed  for  two  years,  the  great- 
eft  quantity  which  can  be  taken,  amounts  to 
three  grains  per  month:  and,  confequently,  a 
5,700th  part  of  a  grain  of  arfenic  per  day,  fup- 
pofmg  the  tin  wrought  at  Paris  contains  as 
much  of  that  poifonous  metal  as  the  pewter 
plate  from  London,  upon  which  Bayen  made  his 
experiment,  which  was  already  known  to  be 
falfe,  before  this  fimple  and  encouraging  com- 
putation had  been  made. 

33.  The  poffibility  of  alloys  of  tin  with  tung- 
ften,  molybdena,  chrome,  titanium,  uranium, 
and  manganefe,  is  yet  unknown,  and  confe- 
quently their  properties.  It  has  merely  been 
pointed  out  or  ihown,  that  it  is  capable  of  form- 
ing an  union  with  cobalt,  nickel,  bifmuth,  an- 
timony, mercury,  and  zinc.  Tin  and  cobalt 
afford  by  fufion  a  metal  in  fmall  clofe  grains, 
and  of  a  colour  flightly  violet.  Cronftedt  found 
that  nickel  alloyed  with  tin  formed  a  white, 
brilliant,  brittle,  hard  metallic  mafs,  the  fpecific 
chara6ler  of  which  confifted  more  particularly 
3  ill 
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in  the  kind  of  vegetation,  or  fuelling  up,  which 
it  prefented  when  heated  under  the  muffle. 

S^.  Tin  alloyed  with  bifmuth  affords,  ac- 
cording to  Gellert,  a  brittle  alloy,  which  h 
hard,  and  of  a  fquare,  plated  texture.  The 
pewterers  very  often  alloy  this  metal  Avith  bif- 
muth, to  give  it  whiteriefs  and  hardnefs.  Thefe 
two  metals  were  long  thought  to  refemble  each 
other,  infomuch  that  the  latter  was  called  tin 
glafs.  Bifmuth  comttiunicates  a  great  ftiffincfs 
to  tin,  and  as  it  is  a  dearer  article,  the  pewterers 
cannot  employ  more  than  an  hundredth  and  half 
or  two.  hundredth-  parts.  This  alloy  is  very 
eafily  ihown,  and  feparated  with  great  accuracy 
by  muifiatic  acid,  Vvhichdiffolves  tin,  but  leav^es 
the  bifmuth  in  th^  form  of  black  powder,  if  the 
acid  be  fufficiently  diluted. 

S5.'  Gellert,  who  has  given  the  hiftory  of  a 
great  nuinl^er  of  alloys,  in  his  metallurgic  che- 
miftry,  announces, ,  that  tin  united  with  anti- 
mony forms  a  white,  very  brittle  metal,  the  fpe- 
cific  gravity  of  which  is  lefs  than  that  of  the 
two  metallic  fubftances  feparatcly  taken.  An- 
timony adds  confiderable  hardnefs  to  tin,  and 
changes  its  form  and  textuie.  This  combina- 
tion is  employed  in  feveral  arts,  and  particularly 
for  plates  to  engrave  mufic. 

36.  Mercury  unites  ealily  with  tin,  and  in 
every  proportion ;  we  may  affirm  that  it  com- 
pletely dilfolves  it,,  becaufe  the  tin  lofes  its  fo- 
lidity,  and  totally  difappears,  in  a  great  quan- 
tity of  mercury.  Though  this  union  may  be 
effe^ed  in.the  cold,  it  is  greatly  favoured  by 


heat  For  this  purpofe  the  mercury  is  heated 
and  poured  into  the  tin  in  fufipn.  The  amal^ 
gam  which  refults  differs  in  its  folidity  accord- 
ing to  the  relative  dofes  of  the  two  metals  ufed. 
A  folid  amalgam  of  tin  was  formerly  fabricated 
and  caft  into  balls,  with  four  parts  of  tin,  and 
one  of  mercury.  Tliefe  balls  were  fufpended  ia 
water,  with  the  intention  of  purifying  it,  but 
as  the  water  was  boiled  in  this  procefs,  the  puri- 
fication probably  arofe  from  this  laft  operation, 
which  is  capable  of  ieparating  by  precipitation 
the  falts  of  fparing  folubility,  ^vhich  impure  and 
crude  water  ufually  contains.  The  amalgam  of 
tin  is  capable  of  affording  cubic  cryftals,  which 
Daubenton  firft  obferved  and  defcribed  under 
the  ftoppers  of  glafs  bottles,  in  the  colleftion  of 
the  mufeum  of  natural  hiftory,  becaufe  it  was 
formerly  ufual  to  clofe  thefe  bottles  with  folid 
amalgam  of  tin.  Citizen  Sage,  who  has  madid 
a  feries  of  experiments  upon  amalgams,  affirms 
that  the  amalgam  of  tin  affords  grey,  brilliant 
cryftals,  in  leafy  plates,  with  tljin  borders  or 
edges,  leaving  polygonal  cavities  between  them* 
37.  Zinc  unites  very  well  with  tin,  byHfufion^ 
and  produces  a  hard  metal,  of  a  fine  clofe  grain, 
of  which  the  duftility  is  greater  the  more  tin  it 
contains.  It  has  long  been  obferved  that  zinc 
produces  nearly  the  fame  effe6l  upon  tin  as 
bifmuth,  and  the  pewterers  are  aware  that  it 
may  be  fubftituted  to  this  laft;  neverthelefs  it 
gives  perceptibly  lefs  hardnefs  than  bifinut}^ 
and  requires  to  be  ufed  in  a  greater  proportion. 
But  on  the  other  hand,  though  it  is  not  fo 
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dSbflual  m  augmentiirg  its  hardnefs,  it  dimi-* 
nifhes  its  dudlility  very  little,  or  rather  it  pre-* 
ferves  it ;  whence  this  alloy  is  ufcd  in  feveral  of 
the  arts.  We  are  alfo  aware  that  fome  chemilh 
have  observed  feveral  analogies  between  zinc 
and  tin  ;  but  by  redifying  the  grounds  of  this 
comparifon,  we  mull  alfo  add  that  there  are  a 
much  greater  number  of  diflferences  than  of 
points  of  refemblance  between  the  two  metals* 


•v 


G*  ABion  upon  Water,  and  upon  the  Oxidcu 

38.  Tin  does  not  aft  in  any  perceptible 
manner  upon  water  alone  in  the  cold,  though  I 
have  already  fhown  that  it  is  one  of  the  metallic 
fubdances  which  moft  ftrongly  attra^  oxigen. 
In  faft,  wc  have  not  yet  a  fufficient  number  of 
accurate  experiments  to  deny  this  action  totally, 
and  there  are  a  cpniiderable  number  of  chemi-> 
cal  circumftances,  in  which,  by  the  addition 
of  a  third  body,  tin  truly  effeds  the  decompo- 
fition  af  water,  abibrbing  its  oxigen,  and  dif* 
engaging  its  hidrogen.  Its  oxide  is  not  folu'^ 
ble^  and  contra£is  no  union  with  water. 

39*  This  metal  is  one  of  thofe  which  ad;  ill 
the  moft  decided  and  fpeedy  manner  upon  moft 
of  the  oxides,  from  which  it  takes  their  oxigen. 
When  heated,  after  having  mixed  its  filings 
with  thofe  ojtides,  it  caufes  them  to  pafs  to  the 
ftateof  metal,  of  Vefy  near  it,  while  itfelf  affumes 
the  charadef  tf  tn  oxi^e.    Sometimes  even,  a$ 
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happens  with  the  oxide  of  mercury," it  burns  and 
takes  fire  with  a6livity,  by  abforbingtheoxigen  in 
in  a  more  folic!  (late  than  it  was  in  the  other  metal. 
By  this  ftrong  attradion  for  oxigen  it  is,  that 
tin  has  the  property  of  precipitating  a  great 
number  of  metals  from  their  folution.  in  the 
acids.  By  this  property  the  fulphuret  of  tin, 
heated  with  the  red  oxide  of  mercury,  affords 
running  mercury,  and  a  fmall  quantity  of  au- 
rum  mufivuin;  whereas  much  of,  the  latter  is 
obtained  by  heating  the  fame  fulphuret  of  tin 
with  equal  parts  of  cinnabar,  which  affords  at 
the  fame  time  both  oxigen  and  fulphur  to  the 
tin. 

40.  Frequently  when  tin  deprives  the  other 
metallic  oxides  of  their  oxigen,  it  does  not  take 
it  entirely,  but  only  divides  it  with  them ;  To 
that  in  that  cafe  there  refults  from  their  mutual 
a6lion  a  kind  of  middle  or  mixed  oxide,  which 
neverthelefs  changes  the  properties  not  only  of 
the  tin,  but  of  the  original  oxide  to  which  the 
tin  is  applied.  The  leaft  oxided  oxides  of  tin, 
exhibit  the  fame  facl;  frequently  in  order  to 
faturate  itfelf  with  oxigen,  thefe  obforb  only 
part  from  the  foreign  oxides,  with  which  they 
are  placecf  in  contad,  and  from  this  aclion  there 
refults,  a  common  equilibrium  of  oxidation, 
which  produces  a  number  of  particular  pheno- 
mena; fuch  efpecially  are  the  muti|.al  or  recipro- 
cal precipitations  of  feveial  met^lic  iblutiom 
by  that  of  tin,  whicli  in  gen^i^l  take  place,  be- 
caufe  the  latter  being.  fuwJiarg^  vfith  oxjgen,. 
•  •   •  "  "     .    •  can 


•  t 


tlKi  35 

cah  no  longei"  rertiain  united  with  the  acids; 
whereas  the  others,  being  deprived  by  it  of  the 
proportion  of  that  principle  which  rendered 
jhera  foluble,  ceafe  to  be  fufpended  from  this 
kind  of  defed:.  We. have  an  inftance  of  this  in 
the  formation  of  the  pUrple  precipitate  of  gold, 
of  which  I  ihall  fpeak  in  the  hiftory  of  this  laft 
rffetal.  ,  There  are  no  metals  but  manganefe  and 
rinc  which  take  oxigen  from  tin;  zinc,  there- 
fore^ is  iiftd  to  precipitate  tin,  in  the  metallic 
ftate,  from  its  folutions  in  the  acids. 


H.  ABion  upon  the  Acids. 

•41.  In  general  tin  decompofes,  with  more  or 
lefs  facility,  the  ttcMs,  or  the  water  which  ac- 
companies''themj  and  tends  rather  to  feparate 
afterwards,  in  the  form  of  oxide,  than  to  remain 
united  in  permanent  falts  to  the  acids  them*- 
felves.  We  iliight  affirm,  that  in  this  ftrong 
oxidation  it  a;ffumes  the  acid  charafter;  and 
many  modern  authors  have  adopted  this  acidifi- 
cation of  tin,  though  they  have  not  yet  aiForded 
very  conclufive  proofs.  In  confequence  of  this 
ftrong  aftion  of  acids  upon  tin,  and  the  flight 
attraction  of  its  oxide  for  the  acids,  the  hiftory 
of  its  folutions  exhibits  fo  many  uncertainties, 
variations, '  aiwl  even  contradiftions  in  authors, 
fince  Kunckel,  who  fir  ft  defcribed  at  length  this 
kind  of  chemical  compofitions,  and  Monnet, 
who  has  very  mucli  ftudied  them  before  the 
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cftablifhment  of  the  pneumatic  do6lrine.  The 
confirmation  of  this  laft  doflrrne  has  removed 
moft  of  thofe  difficulties,  and  rendered  it  very 
eafy  to  explain  tlie  theory  of  the  mutual  aft  ion 
of  the  acids  and  tin* 

42.  Kunckel,  who  in  this  refpefl;  was  copied 
by  Juncker  and  Wallerius,  affirmed  that  four 
parts  of  concentrated  fulphuric  acid,  united  to 
one  part  of  water,  diffolve  one  part  of  pure  tin 
in  filings^  He  expofed  this  mixture  in  a  glafs 
veffel,  upon  a  fand-bath,  which  he  heated 
^gently,  fo  as  not  to  boil  the  acid;  according  to 
lum  fulphureous  vapours  were  difengaged.  The 
metallic  form  of  the  tin  difappeared,  and  it 
gradually  became  diffolved;  the  liquor  be* 
came  white  and  thick;  and  when  entirely 
evaporated,  there  remained  a  tenacious  maf^ 
which  adhered  to  the  veflel.  By  adding  wa,ter 
to  this  cold  mafs,  apd  heating  it  again,  it  was 
diifolved.  The  fame  tranfparent  folution  of  a 
brown-yellow,  may  be  made  by  throwing  tin, 
in  fmall  portions,  into  fulphuric  acid,  not  too 
much  diluted,  and  waiting  till  the  lall  of  them  is 
diffolved.  Wallerius  announced  alfo,  that  the 
native  cryftals  qf  oxide  of  tin,  ziun-graupen 
of  the  Germans,  are  foluble  in  the  fulphuric 
acid;  that  by  adding  l?ot  water,  and -filtrating 
and  evaporating,  tranfparent  cryftals  of  jovial 
vitriol  or  fulphate  of  tin  may  b^  obtained,  which 
he  has  not  defcribed  any  more  than  tiie  other 
authors  who  have  fince  mentioned  it. ,  Macquer 
and  Citizen  Baum6  have  abided  to  tUis,firftjdcf- 
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tription,  that  fulphur  is  fq>arated  in  the  opera- 
tioti)  and  floats^  in  drops,  •on  the  furface  of  tlif 
hot  liquor;  and  that  it  M^as  this  which  gave 
the  hlueifh  colour  to  the  folution.  Citizen 
Monnet  obtained  by  cooling,  cryftals  in  needles, 
which  he  compared  to  thofe  of  the  fulphate  of 
lime;  he  has  alfo  obferved,  that,  in  the  courfe 
of  time,  an  oxide  of  tin  is  depofited,  which  is 
no  longer  foluble,  and  can  be  feparated  in  a 
very  refraftory  ftate,  extremely  difficult  to  be 
reduced  by  the  mere  adion  of  heat  It  is,  in 
fafl:,  known  by  experience,  that  tin  eafily  de- 
compofes  fulphuric  acid  fomewhat  concen- 
trated, and  by  the  affiftance  of  heat;  that  much 
fulphureous  acid  gas  is  difengaged;  and  that 
by  its  ftrong  oxidation  it  is  capable  afterwards  of 
being  feparated,  or  precipitated  by  water ;  that 
when  diluted,  and  fomcM^hat  Mcakened,  this 
acid  alfo  a6is  upon  tin,  even  witl^out  heat;  that 
in  this  cafe  of  the  leaft  oxidation,  its  folution  is 
rather  more  permanent,  and  does  not  become 
turbid  by  water;  but  if  concentrated  by  fire, 
the  oxide  falls  do>VTi ;  that  the  true  fulphate  off 
tin,  in  the  cry ftallized  and  pennanent  ftate,  can- 
not be  obtained;  that  fulphur  is  depofited 
during  this  action ;  that  this  folution  fonietimes 
afiumes  a  denfe  formi  and  the  appearance  of  a 
white  and  opaque  jelly,  and  that  in  this  manner 
there  is  no  true  folid  union  between  the  oxide 
of  tin  and  the  fulphnric  acid ;  nevertlielefs,  this 
fc^ution,  when  made  witliout  heat^  and  not  con- 
centrated, tnor  0ver-Io5ided  with  tin,  when  it 
•    • '  does 
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does  not  become  turbid  by  water,  affords,  by 
the  alkalis  and  earths,  a  precipitate  of  a  white, 
very  refra6lory  oxide,  of  extremely  difficult  re- 
du6lion.  The  hidro-fulphurets,  and  the  alka- 
line fulphurets  precipitate  it -of  a  blackifli 
brown,  and  lofe  their  odour;  and  this  precipi- 
tate, flightly  heated  in  a  clofe  apparatus,  gives 
aurum  mufivuni,  or  hidro-fulphurated  oxide  of 
tin. 

43,  The  adion  of  the  fulphureous  acid  upon 
tin,  has  not  yet  been  defcribed  by  any  chemift. 
In  the  courfe  of  experinienti?  on  the  metallic 
fulphites,  which  I  made,  together  with  Citizen 
Vauquelin,  this  combination  exhibited  fome 
remarkable  fads:  I  fhall  defcribe  them. here 
concifely,  becaufe  they  refemble  thofe  which 
are  obtained  with  iron,  and  which  being  ftill 
more  interefting,  will  be  treated  much  more  at 
large  under  that  article.  As  foon  as  the  tin 
comes  in  contavSl  with  the  liquid  fulphureous 
acid,  it  affumes  a  yellowilh  colour  fimilar  to 
that  pf  aurum  mufivum,  A  few  days  after* 
wards  it  becomes  black  like  charcoal,  and  lets 
fall  in  the  fluid  a  black  powder.  The  aftion 
between  thefe  two  bodies  then  ceafes.  The 
white  powder  affords  fulphureous  ecid  gas  by 
the  fulphuric  acid,  and  fulphurated  hidrogen 
gas  by  the  muriatic  acid ;  this,  laft  feparates 
the  fulphur  from  the  powder  wiiile  it  diffolves 
the  tin.  Before  the  blow-»pip^  this  fame  powder 
melts  into  a  black  mafs^  .-after  having  emitted 
fulphureoua .  acid,    jaiid:  throws  jQurt  upon  the 
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^ges  of  the  fpoon  a  yellow  powder  of  fulphur. 
The  portion  of  tin  blackened  at  the  bottom  of 
tiie  fulphureous  acid,  being  rubbed  between  the 
fingers,  emits  a  ftrong  fmell  of  fulphurated 
hidrogen  gas^  before  the  blow^-pipe  it -emits 
fulphureous  acid,  and  leaves  fulphur  on  the 
furrounding  fupport.  The  fupernatant  fluid 
above  the  white  and  black  powder,  has  a  ftrong 
finell  of  fulphureous  acid,  which  it  lofes  in  the 
air,  and  it  depofits,  by  the  addition  of  concen- 
trated fulphuric  acid,  a  portion  of  fulphur  which 
is  nearly  pure. 

From  thefe  fa6ls  it  is  proved,  that  tin  decom- 
pofes  one  part  of  the  fulphureous  acid,  which 
affords .  oxigen  to  it,  and  being  once  oxided, 
k  unites  with  another  pait  of  that  acid ;  that  a 
portion  of  the  fulphur  is  depofited  with  the 
white  fulphite  of  tin,  of  fpai'ing  folubility :  that 
another  remains  in  folution  in  the  fluid  with  a 
little  fulphite  of  tin,"  which,  as  we  find,  is  a  ful- 
phurated fulphite ;  laftly,  that  a  third  part  of  the 
fu4phur  combines  with  a  portion  of  the  metallic 
tin,  in  the  form  of  a  black  fulphuret,  upon 
which  the  fulphureous  acid  has  no  aftion  :  and 
which  flops  or  limits  the  folution,  as  has  been 
obferved. 

44.  The  nitric  acid  is  attacked  with  violent 
energy  by  tin.  This  metal  is  changed  into 
an  oxide  of  the  moft  beautiful  white,  which 
gives  tp  the  fluid  the  appearance  of  curdled 
milk  or  .cream.  Chemifts  have  long  been  ac- 
quainted with  tliis  lively  a6i:ion,  and  have  conr 
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fidered  It  very  juftly  as  a  kiu<i  of  inflajntnation* 
But  as  they  always  fought  to  obtaio  folu* 
tions  in  the  acids  without  looking  beyond  this 
fufpeniion, .  to  afceitain  what  happened  with  re- 
gard  to  the  metal,  they  were  long  occupied  iu 
attempts  to  render  the  folution  of  tin  in  the 
nitric  acid  permanent.  Citizen  Baum6,  from 
bis  experiments,  has  concluded^  that  the  thing 
is  impoflible-  Waiferberg  pretended,  neverthe* 
lefs,  that  he  had  fucceeded  by  adding  a  very 
fflfiall  portion  of  tin  to  very  pure  nitric  acid, 
diluted  with  water;  he  affirms,  neverthelefs, 
that  this  folution,  which  he  fays  he  kept  a  long 
time  without  its  being  turbid,  did  not  afford 
cry  (lain;  ajid,  that  by  a  gentle  evaporation,  the 
whole  of  the  oixide  of  tin  fell  down,  and  left  the 
Huid  pure  and  acid* 

This  fa6l  was  long  ago  obferved  by  Rouelle 
the  elder,  Jt  is  ceitain,  '^that  by  putting  a  fmall 
fragment  of  folid  tin  into  a  large  quantity  of 
nitric  acid,  a  complete  folution  may  be  effefted, 
and  that  the  acid  long  retains  the  oxide,  which 
is  feparable,  ufually,  either  by  the  addition  of  a 
great  quantity  of  water,  or  by  evaporation  of 
the  fluid,  or  when  new  tin  is  added,  as  if  to  fatu* 
rate  the  acid ;  but  this  is  not  the  object  of  re- 
fearch  with  modem  chemifts ;  they  have  other 
views  iri  examining  this  mutual  adion  of  tin 
and  nitric  acid  witJi  the  greatefi  care,  on  ac« 
count  of  the  important  pfaenomona  it  exhibits. 

Being  well  perfuaded,  from  all  the  known 
fa^)  tjiitt  tii^  is  firpngly  l^xided  by  this  acid, 
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which  it-decompofc*  with  aftoniihing  rapidity^ 
and  with  which  it  cannot  remain  combined  in 
the  form  of  nitrate,  whence  it  inceflantly  tcnd$ 
to  Separate,  they  have  dired;ed  their  attention 
to  the  oxide  of  tin  afforded  hy  this  a^ion. 
Being  convinced,  with  Macquer,  that  it  be* 
comes  nearly  incapable  of  reduction,  and  having 
difcovered  fince  the  death  of  that  celebrated 
"^hemift,  the  caufe  of  that  plienomenon  in  the 
folidity  which  the  oxigen  affumes,  and  in  the 
flrong  adherence  it  contrads  with  the  tin  tu 
proportion  a6  it  is  taken  from  the  nitric  acid  by 
that  metal,  fome  of  them  have  l^hought,  more* 
over,  that  this  oxide  afiumes  the  character  of  an 
acid,  and  that  Jt  was  for  this  reafon  it  could 
not  remain  united  with  the  nitric  acid.  They 
have  alfo  been  more  confirmed  in  their  opinion 
by  the  folubility  of  this  oxide  in  the  alkalis ; 
and  in  this  manner  it  was  that  Citizen  Guy  ton 
underiiood  that  Klaproth  had  fucceeded  in 
treating  and  analyzing  the  native  oxide  of  tin 
by  pot-aih :  he  confiders  this  folution  of  the  ove 
of  tin  in  water,  by  means  of  alkali,  as  a  ilannate 
or  ftannite  of  pot-afli ;  but  notwithftandiog  the 
probability  and  agreement  of  this  opinion  with 
the  foundation  of  the  French  dodrine,  it  is  ftill 
without  dire6t  proof  fufficient  to  adopt  it,  and 
we  cannot  compare  the  properties  acquired  by 
the  oxides  of  tin  with  thofe  of  the  arfenic,  tiipg* 
(lie,  molybdic,  and  chromic  acids 

Citizen  Guyton  made  a  valuable  difcovery 
fefpcfting  the  force  with  which  tin  abfotbs  oxi- 

geu 
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gen  in  its  nitric  Iblution.  One  part  of  the  pure 
nitric  acid,  and  one  part  and  half  of  tin, 
treated  in  a  retort,  afforded  him  no  gas,  though 
thd^e  was  a  very  evident  a6lion  between  tlie  two 
bodies.  Having  carefuHy  examined  the  rcfidue 
of  this  operation,  he  found  that  ammonia  com* 
pofed  nearly  a  twentieth  part  of  the  entire 
weight  of  the  acid  and  the  tin  employed.  This 
ammonia  could  be  no  otherwife  formed  than  by 
the  azote  of  the  acid,  united  Avith  the  hidrogen  of 
the  water :  the  tin,  therefore,  being  very  greedy 
of  oxigen,  had  not  only  decbmpofed  the  nitric 
acid,  but  alfo  the  water ;  knd  there  was  no  dif- 
engagement  of  gas  on  account  of  this  union 
of  the  hidrogen  with  azote. 

45.  The  oxide  of  tin  prepared  or  made  by 
the  nitric  acid,  being  treated  in  a  dofe  of 
three  parts  of  itfelf  with  two  |>arts  of  fulphur^  in 
a  glafs  retort,  afforded  Pelletier  fulphureous 
acid  and  auram  mufivum;  whereas  the  oxide  of 
tin,  when  lefs  oxided,  fuch  as  the  grey  oxide  or 
putty,  when  treated  with  fulphur,  afforded  only, 
fiilphuret  of  tin  on  account  of  the  little  quan-' 
tity  of  oxigen  it  contains  in  that  ftate  of  feeble 
oxidation.  Three  parts  of  fulphuret  of  tin, 
urged  by  heat,  and  to  drynefs,  with  the  nitric 
acid,  (a  treatment  Adiich,  in  the  necefTity  of  heat 
tor  eflf'ecting  the  oxidation,  proves,  that  the  fuU 
phur  united  to  tin  greatly ^iioderates  its  properties 
of  acting  upon  the  acid  in  the  way  of  decompofi- 
tion,)  being  afterwards  heated,  in  a  retort,  with 
two  parts  of  fulphur,  likewife  afforded  this  fkil- 
ful   chemift  aurum  mufivum,    or  fulphurated 

oxide 
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Oxide  of  tin,  of  a  gold  colour.  The  fame  ful* 
/phuret  of  tin  mixed  with  two  parts  of  fulphur 
to  three,  and'  diftilled  with  concentrated  fuU 
phuric  acid,  afforded  him  fulphureous  acid  as 
itsprodu^  and  hidro-fulphurated  oxide  of  tin, 
of  a  gold  colour,  as  its  refidue.  Pelletier  ac- 
cordingly availed  himfelf  of  the  oxiding  pro- 
perty of  the  fulphuric  and  nitric  acids  upon  tiii,' 
to  .favour  the  union  of  that  oxide  with  fulphuri 
and  to  prepare  that  brilliant,  and  apparently 
golden  compound,  long  known  by  tlie  name  of 
aurum  mulivum. 

46.  The  concentrated  fmoking  muriatic  acid 
a6ls  ftrpngly  upon  tin,  and  is,  of  all  the  acids; 
that  which  diflblves  it  the  beft.  This  foliation 
is  effeded,  even  in  the  cold,  or  by  the  affiftahce 
of  a  gentle  heat;  the  acid  immediately  lofes  it3 
property  of  fmoking,  and  the  yellow  colour  it 
fo  often  has,  and  we  fliall  foon  remark,  that  this 
diicolouration  by  tiuj  as  well  as  by  the  other 
bodies  greedy,  of  oxigen,  affords  a  new  proof 
that  the  colour  of  this:  acid  depends  on  a  fmall 
portion  of  oxigenated  muriatic  acid.  The 
(light  effervefcence  which  takes  place  during 
this  decorapofition,  is  0\v!ing  to  the  decbmpofir 
tion  of  the  water,  and  the  difengagement  of  a 
fetid  hidrogen  gas  of  which  the  nature  is  not 
yet  fcB'dwn,  and  of  which  the  examination  may 
probably' ihereafiter  afford  fome  fortunate  dif- 
covecy  tefpedling  the;  conipofition  of  the  mu- 
riajtipacidv  r  I  fufpe^i  thaJithe  odoraiit  and  fetid 
ga3 '  whichlk'  dilengag^d  in  this  operation,  1$ 
ibidrc^on  gas,  holding  tin  in  the  aeriform  folu- 

tvow» 
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great  nutnberilf  exiperimeijts,  all  which  proved 
that  it  is  capable  of  abforbing  oxigen  very  power- 
fully from  a  number  of  bodies,  and  of  paffing 
to  the  new  ftate  of  fuper-oxigenated  muriate 
of.  tih,  poffeffitig  other  properties,  and  among 
them  that  it  becomes  of  a*  quality  very  fupcrior 
for  moft  of  the  operations  of  dyeing.  The  fol-^ 
lowing  is  a  fketch  of  his  difcoveries  in  this  re- 

a.  The  folution  and  muriate  of  tin  abforb 
axigenated  muriatic  gas  with  heat,  at  the 
lame  time  that  the  gas  lofes  its  fmell,  and  caufes 
a  change  in  the  nature  of  the  folution. .   • 

b.  It  makes  a  violent  eiFervefcence  with  the 
nitric  acid,  difengages  much  nitrous  gas,  and 
is  frequently  thrown  out  of  the  vdfel  by  this 
addition.  .... 

4  c.  It  becomes  reddifh  by  the  fulphureous  acidi 
and  depofits  fulphurated  oxide  of  tth,  wliich  is 
of  a  very  beautiful  yellow  cdlour. 

-rf.  It  blackens  and  changes  into  metal  the 
arfenic  acid;  it  renders  blue,  and  caufes  to  pafs 
to  the  metallic  Hate,  the  molybdic  and  tungflic 
acids,  the  turigftate  of  lime  and  ammonia,  by  de- 
priving thefe  three  acids  of  oxigen. 

e.  The  red  oxide  of  mercury,  and  the  fuper- 
oxigenated  muriate  of  mercury,  thrown'into  this 
folution,  alfo  yield  their  ooqigen^  i  and  :pafs  to 
the  metallic  ftate.  ,        ' 

ly.  Tbefatne  effedi  talkes  place  with  the  white 
oxide  ^f  antimony,  that  of  zinCj  and  that  of 

g'  It 
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g*  It  decmDpofes  the  folution  of  gol^jf  and 
precipitates  the  purple  powder  of  Caffius,  by 
feizing  the  oxigen  which  rendered  that  metal 
foluble,  an  effeft  which  it  does  not  produce 
when  faturated  with  oxigen. 

h.  Laftly,  it  immediately  abforbs  oxigen  gas, 
and  paffes  to  the  fam^  ftatc  as  if  it  had  been 
mixed  with  oxigenated  muriatic  acid;  this  faft 
induced  Pelletier  to  confider  it  as  very  proper  to 
afford  chemifts  a  means  of  determining  the 
quantity  of  oxigen  gas  contained  in  an  ae^p^ 
form  fluid,  -    :: 

.i.  He  propofed.  to  make  \he  compofition  for 
dyeing  by  charging  the  folution  of  tin  witli 
oxigenated  muriatic  gas;  he  obferved  that  this 
folution  abforbs  the  aas  almoft  to  the  amount 
of  half  the  weight  of  the  tin  it  diflblved.  It 
muft  afterwards  be  heated  ou.  a  fand-f)ath,,to 
feparate  the  portion  of  difengaged  myriatic 
acid,  which  it  contains  after  this  abforption.    j; 

48.  The  refults  of  thefe  interefting  experi* 
ments  are  found  to  asree  with  other  refearches 
no  lefs  curipus  and  agreeable  to  liae  ppeumatia 
do6lrine  which  Citizen  Adet  made  four  years 
before,  upon  a  kind  of  fuming  muriate  of  tin^ 
denominated  liquor  of  Libavius,  IrQm  the 
name  of  its  firft  author.  Though  this  fmgular 
produ6l  be  the  refult  of  the  decompofition  of 
the  fuper-pxigenated  muriate  of  mercury  by  the 
tin,  it  has  too  dire6b  a  relation  with  what  has 
been  explained,  for  us  to  omit  the  exhibi- 
tion, in  this  place  of  its  preparation,  and  the 

comparative 
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comparative  properties  of  the  two  muriatic  Solu- 
tions I  have  defcribed:  fo  many  opportunities 
hare  preftnted  themfelves  to  remark  the  ftrong 
attra^ion  of  tin  for  oxigen,  that  it  is  unriecef- 
fary  to  explain  the  theory  of  this  decompofition. 
When  equal  parts  of  an  amalgam,  made  with 
two  parts  of  tin,  and  one  part  of  mercury,  for 
the  purpofc  of  dividing  the  tin,  and  of  the  corr 
rofive  muriate  of  mercury,  are  triturated  toge- 
ther, and  the  mixture  is  diftilled  in  a  glafs  re- 
tort, by  a  very  gentle  heat,  a  colpurlcii  liquor 
lirft  pafles  over;  after  which,  with  a  fort  of  ex*- 
ploiion,  and  at  one  fingle  jet,  there  is  thrown 
out  a  thick  vapour,  which  covers  the  receiver 
with  a  very  thin  coating.  This  fluid  is  con- 
denfed  into  a  tranfparent  fluid,  which  exhales 
in  the  air  a  white,  heavy,  and  very  abundant 
fume:  it  is  the  fuming  liquor  of  Libavius,  or  the 
fuper-oxigenated  and  fuming  muriate  of  tin. 
While  enclofed  in  a  bottle  this  fluid  emits  no 
vifible  vapour;  it  neverthelefs  depoflts,  at  the 
tipper  part  of  the  veflel  which  contains  it, 
needle- formed  cryftals,  >yhich  frequently  clofc 
the  aperture;  a  portion  of  thefe  cryftals  is  alfo 
precipitated  to  the  bottom  of  the  fluid.  In  the 
air  it  fumes  much,  and  emits  an  acrfd  odour^ 
which  excites  coughing;  it  is  to  the  atmof- 
pheric  air  which  produces  a  precipitation  of  the 
oxide  of  tin  that  this  vapour  is  owing.  Watery 
however,  does  not  precipitate  this  liquid  fuming 
muriate  of  tin;  when  it  is  poured  into  water,  a 
confiderable  noife  is  produced;  fimilar  to  that  oc- 
3  cafioned 
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(lohed  by  the  concentrated  fulphuric  acid,  it 
feparates  immediately  into  many  tranfparent 
bubbles,  which  efcape  from  the  mixture  and 
rife  to  the  furface  of  the  water,  where  they 
break  into  a  gas,  which  becomes  white  by  the 
contaft  of  the  air.  By  agitating  the  water  they 
are  more  fpeedily  diffipated,  and  the  fluid  no 
longer  fumes.  Macquer  affintis,  that  when  di- 
luted with  much  water,  the  fuming  liquor 
throws  down  an  Oxide  of  tin  in  fmall,  white 
flakes,  The  refidue  of  the  diflillation  of  thi« 
fuper-oxtgenated  and  fuming  muriate  of  tin, 
alfo  prefent^  various  interefting  phenomena, 
which  have  bpen  well  defcribed  by  Rouelle  thef 
younger^  The  roof  and  the  neck  of  the  retort 
are  coated  with  a  white  and  grey  covering,  con- 
taining a  fmall  quantity  of  fuming  muriate,  be-» 
fides  another  portion  of  concrete  liiutiafe  of 
tin,  which  was  formerly  called  corneous  ti% 
with  mild  muriate' of  mercury,  and  running* 
mercury.  The  bottom  of  the  fame  veflel  con- 
tains an  amalgam  of  mercury  and  tin,  covered 
with  folid  muriate  of  tin,  of  a  white  grey,  which 
inay  be  volatilized  by  a  ftrongcrheat  tlian  that 
wliich  in  neceffary  to  obtain  the  fuming  muriate; 
When  the  folid  muriate  of  tin  is  again  treated 
ill  the'  retort,  it  melts  and  fepamtes  into  two 
ftrata:  the  one,  which  is  black,  occupies  the 
lower  fpace,  and  the  other  white,  is  fiitiilar  to 
the  foniicr  fublimed  muriate  of  tin,  or  conii?6uj> 
tin^  From  thcfc  details  we  fee  that  in  the  dpe- 
latioiv  of  the  funding  liquor  of  Libavius  the  tin 
Vol.  VL  E  feizes 
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feizes  the  oxigen  from  the  mercury,  and  divide* 
itfelf  into   a  number  of  oxides,  more  or  lefsi 
charged  with  that  principlcj  which  form  differ- 
ent combinations  with  the  muriatic  acid.  ^ 

49.  Citizen  Adet  has  fubje6led  the  fuming' 
liquor  of  Libavius  to  a  number  of  experiments 
which  exhibited  its  nature  with  prpcifion*  The 
principal  are  the  following : 

a.  When  this- liquid  is  united  with  water,  a 
difengagement  takes  place,  by  a  true  efferveC 
cence  of  bubbles  of  azote  gas,  the  origin  of 
which  it  is  not  eafy  to  determine,  and  which 
the  author  hirafelf  did.  not  endeavour  to  afcer- 
tain/?  : 

::h  Whefi  combined  with  water,  in  the  pro- 
portion of  about  a  third  of  .the  weight  of  this 
liquid,  or  in  the  proportion  of  7  to  22,  the  furh- 
ing  liquor  forms  a  folid  body,  fufible  by  fire, 
cp.ngelablp  by  cold,  and  refembling  that  which 
chemifts  formerly  called  butter  of  tin. 
-  c.  This  fuming  muriate  of  tin,  diluted  with 
^ater,.  difTolves  tin  without  effervefcence  or  mo- 
tion, without  producing  or  difengaging  hidro-* 
genrgas,  and  affords  a  fait  in  every  refpe6l  fimiiay 
to,  t3iat  which  the  iiiamediate  fbdutioa  of  tin  in 
the  tiiuriatic  acid  produces.-  i; 

The  chenlifl  here  cited  Cjoncludcs,  from  thefe 
experiments,  that  the  fuming  liquor  is  a  com- 
potmd  of  muriatic  acid  difpofed  to  take  theaeri-s 
forn^.ftatCj-and  offuperroxigeoated  oxide  oflia 
th^t  it  is  with  regard  to  the  otd^riaryjiuiriatic 
fohition  of  tin,  the  fg^me  tb ing. which' the  corxa-f 
'•  .  ;.  .r/  .^cUve 
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fivfe  muriate  of  mercury  is  to  the  mild  muriate, 
or  that  it  is  a  fupet-oxigenated  muriate  of  tin* 
Pelletiet,  from  his  experiments,  concludes  alfo, 
that  the  muriatic  folution  of  tin  charged  witlj 
oxigenated  muriatic  gas,^  which  it  decompofes 
by  feiziug  its  oxi^en  arid  deprived  of  the  muri- 
atic acid  in  cxcefs  which  it  then  contains  by 
means  of  heat,  is  entirely  fimilar  to  the  fuming 
liquor  diluted  with  Watfet;  and  it  is  evident, 
that  he.  arrived  ^t  the  fame  refult  as  Citizen 
Adet,  by  experimeftts.  made  abfplutely  in  an 
inverfe  procefs.  He  announces)  that  the  fuper* 
oxigenated  muriatic  folutipn  of  tin,  prepared  by 
his  procefs,  cryftallizes  by  evaporation,  and  to- 
tally fublimeSj  like  the  fbming  muriate  of  tin 
mixed  with  water;  Another  obfervation  will 
ftill  more  confirm  the  fimilarity  of  the  theory  of 
thefe  two  muriates  of  tin,  of  which  I  have  ex- 
,  pofed  the  difference  and  the  properties^  It  is 
fo  clear,  tBat  the  muriatic  folution  of  tin  owes 
its,  properties  of  precipitating  gold  in  a  purple 
powder  to  its  tendency  to  deprive  it  of  its  oxi- 
gen,  thatj  if  left  to  the  air  for  fome  time  after 
its  preparation,  it  lofes  this  property  oh  account 
of  the  atmofpheric  oxigen  it  abforbs  :  whence 
it  follows,  that  the  views  according  to  which, 
we  may  prepare  this  folution  are  truly  inverfe, 
the  one  of  the. other,  when  it  is  intended  for 
the  precipitation  and  brightening  of  colours  or 
to  precipitate  gold  from  its  folution  in  purple 
o)cide,  as  I  fliall  hereafter  £how  under  the  article 
of  this  Uft  inetal.  . . 

E2  50.  Tin 
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50.  Tin  thrown  in  filings  into  the  oxiginatcfl 
muriatic  acid,  takes  fire,  and  becomes  firongly 
Oxided.  This  liquid  acid  oxides  it,  and  ^if^ 
iblves  it  without  motion  or  efFerverenoR  Ac* 
cording  to  the  mutual  proprortions  of  thcle  two- 
bodies,  we  may  make  either  muriate  of  tin,  or 
fuper-03^igenated  muriate  of  tin ;  the  firft  preci- 
pitates gold  of  a  purple  colour  and  eudiometric- 
ally  abfprbs  the  atmofpheric  oxigen  ;  the  fecond 
^xhibi  ts  neither  of  thefe  properties.  By  a  fingle 
fB,&,  therefore,  we  confirm  the  whole  of  the 
theory  before  explained. 

51.  The  nitro-muriatic  acid,  particularly  that 
which  is  made  with  one  part  of  nitric  ^cid,  and 
two  or  three  parts  of  muriatic  acid,  eafily  dif* 
folves  tin.  This  mixed  acid  has  even  almoft 
always  been  confidered  as  its  true  folvent.  It 
excites  a  ftrong  heat  which  may  be  diminiilied 
by  plunging  the  veffel  in  cold  water.  The  me- 
tal is  not  to  be  added  but  by  portions  at  a  time,, 
in  order  to  have  a  permanent  folution,  and  one 
part  muft  be  fulFered  to  diffolve  before  another 
is  added.  .  The  nitro-muriatic  acid  can  in  this 
manner  diffolve  half  its  weight  of  tin.  It  is 
eafy  to  concave,  from  what  has  already  been 
remarked,  that  this  folution  muil  vary  accord- 
ing  to  the  proportion  of  the  two  mixed  acids, 
and  that  it  may  be  more  or  le£s  oxigenated  ac* 
cording  to  the  quantity  of  nitric  acid  wliich  is 
added.  Hence  arifes  the  diflference  of  effe^faj 
which  is  fo  often  found  in  this^  folution,  in  the 
arts  and  manufactures  whereia  it  is  uied,  ac- 
cording 
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carding  ta  the  proeefsy  with  which  it  is  prepared 
It  is  aknoft  always  coloured ;  it  often  forms  a  tre- 
mulous gelatinous fuhftance  by  cooling;  itthdh 
affumes  a  foHdity,  which  becomes  ftronger  with 
age;  fooietimes  it  is  tranf parent,  fometimes 
white,  and  femi-tranfparent  like  an  opal;  it  has 
Dot  tiie  fetid  fmell  of  the  fimple  itauriatic  folu- 
tion,  and  ^oes  not  exhibit  the  gelatinous  con- 
cretion, except  when  loaded  with  oxide  of  tin^ 
It.  happens,  ©cvertJielefe,  very  frequently,  that 
it  only  affiimes the  vifcid  and  half-concrete  forln^ 
when  half  its  weight  of  water  is  added :  it  is 
then  always  fomewhat  opaque,  which  depends, 
%B  Macquer  affirms,  upon  the  precipitation  of 
part  of  its  oxide.  When  heated  rather  firong- 
ly,  this  Solution  again  efferverfces,  which  ihows 
a  new  mutualadiion  between  its  principles,  aiid  a 
ilronger  oxidation ^f  the  tin.  It  is  particularly 
after  this  phenomenon^  that  it  acquires  the  form 
of  tranfparent  jelly.  It  is  evident,  that  the  mu- 
riate of  tin  is  then  fuper-oxigenated. 

5SL  The  phofphoric  acid  has  fcarcely  any 
a6lion  upon  tin  when  in  the  liquid  form  and 
cold.  The  foluble  phofphates,  poured  into  the 
muriate  of  tin,  afford  a  precipitate  of  phof- 
phate  of  tin.  The  vitreous  phofphoric  acid 
heated  with  half  its  weight  of  tin  bi^omes  de- 
compofed ;  it  then  forms  one  part  of  vitrified 
phofpfaate  of  tin,  and  another  part  of  phofphuret 
of  tin,  fimikr  to  that  which  js  immediately 
made  by  the  addition  of  phofphorus  to  fufed  tin. 
PeUetier,  who  difcovered  this  connbinatipn  con- 
cludes, 
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eludes,  that  tin  has  more  attrafticm  for  oxigei^ 
than  phofphorus  has.  But  in  this  cafe  there 
is  an  equilibrium  of  combination,  on  one  fide 
between  a  portion  of  the  oxided  tin  and  the 
vitreous  phofphoric  acid,  and  on  the  other  be- 
tween a  portion  of  phofphorus  feparated  from 
the  acid  and  the  metallic  tin,  an  equMitH-ium  , 
which  is  eftabliilied  at  the  inftant  when  each 
of  thefe  compounds  is  formed ;  and  we  canndt 
doubt  but  this  double  combination  is  the  caufe 
of  the  limited  decompofition  of  the  phofphoric 
acid. 

53.  The  a6lion  of  the  fluoric  acid  upon  tin 
has  not  yet  been  examined;  it;  has  eVen  be6n 
thought  fo  weak  that  retorts  of  tin  have  been 
propofed  for  diftilling  this  acid.  This  was  the 
opinion  of  Puymaurin  of  Touloufe,  in  his  Me- 
moir on  the  aft  of  ufing  this  acid  to  engrave 
upon  glafs,  who  affirms  that  he  ufed  veffels  of 
this  metal  to  diftil  the  fluate  of  lime  by  ful- 
phuric  acid.  This  acid  unites  by  double  at- 
traftiqn  to  the  oxide  of  tin,  when  a  folution  of 
a  foluble  fluat?'  is  poured  into  that  of  the  metal 
by  the  muriatic  acid.  The  acid  of  borax  does 
not  combine  "with  it  but  by  the  fame  procefs, 
and  forms  an  infoluble  borate.  The  carbonic 
acid  has  no  fenfible  effe6l;  upon  tin,  either  in 
the  forni  of  elaftic  fluid  or  the  liquid  form ;  it 
neverthelefs  unites  with  its  oxide  when  the  mu- 
riate of  tin  is  precipitated  by  an  alkaline  car- 
bonate ;  and  when  this  white  carbonate  of  tin 
is  re-diifolved  in  an  acid,  it  exhibits  an  effev^ 

vefcence. 
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vefeeace.  It  has  been  thottghtrthit  thfsTfdlt 
cxifts  native,  but  no  pofitive  fidfc  • -has  yet 
proved  it.  .         /  ^  . 

54.  The  metallic  acids  are  all  capable  of  be- 
ing decomposed  by  tin,  which  has  more  attrac- 
tion, particularly  vnth  the  affiftaiice  of  heat^ 
than  thofe  metals  have  for  oxlgen. .  But  tliefe 
acids  unite  with  the  oxide  of  tin,  aiid'TOrtn 
with  it  pulvefulent  falts,  which  are  not  4t  all 
foluble,  aiid  of  which  the  properties  have  not  yet 
been  examined.  We  may  fufpeft  that  thefe  falts 
exift  in  nature^  though  they  have  not  been 
found  among  foffils* 


A&ion  upon  the  Bafcs  and  upon  the  Salt^» 

i55.  The  habitudes  of  tin  are  nearly  the  fame 
as  of  zinc  with  the  cauftic  ialkalis  ;  it  is  neveri- 
thelefs  fomcAvhat  lefs  altjerable  by  thofe  bafes 
than  the  latter  metal,  and  it  do^  not  like  it 
alFord  hid^ogen  gas,  l>eckufe,  though  very  ox- 
idable,  it  is  much  lefs  fo  than  ziuc.  But  though 
tin  is  iefsr '  altei-able  in  its  metallic  ftate  by  the 
alkalis^  it  combines  much  more  readily  with 
them  in  its  ftate  of  oxide.  I  have  already 
fpoken  of  this  combination  binder  theariicle  of 
aflays,  and  that  of  the  folutions  by  the  aCids. 
The  union  of  the  oxide  of  tin>  with-  the  fixed 
alkalis  takes  place  in  the  dry^way,'  as  wdl  as  m 
the  humid  way ;  Jt  alfo  takes  place  with  liquid 

ammonia 
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atnnionia  by  means  of  heat  It  muft  he  ob- 
fervedjthat  thiseffed  is  not  well  produced,  un-r- 
kfs  the  tin  be  minutely  divided,  as  for  e^sampte^ 
at  the  moment  >iyhen  it  is  precipitated;  J)ut  that 
when  itisdenfe,  and  prefents  a  ilrong  aggregation 
between  its  particles,  as  is  the  c^-fe  with  mod  of 
the  orps  of  tin,  we  must  avail  ourfelves  of  tjie 
dry  wsiy  to  utyti?  it  to  the  pure  fixed  alkalis. 

56.  The  oxide  of  tin  combines  with  thp 
earths  by  fufion,  and  becomes  vitrified  with 
them  by  mieans  of  a  fixed  alkali,  in  fuch  a  man- 
ner however  as  to  form  an  opaque  compofition 
called  enamel.  The  whitenefs  which  this  oxide 
when  very  pure  poffeffes,  and  the  opacity  it,  at  the 
fame  time,  communicates  to  glafs,  have  caufed 
it  to  be  much  ufed  as  the  baOs  of  enamel. 
Chemifts  have  thought  with  regard  to  this  com- 
pofition, that  the  oxide  of  tin,  undergoing  a 
true  vitrification,  is  uniformly  difFufed  between 
the  particles  of  the  gUfs,  and  remain  diflemi- 
nated  like  ftarch  in  pafte. 

57.  Moft  of  the  falts  are  more  or  lefs  decom- 
pof^ble  by  tin  on  account  of  its  ftrong  attraftion 
for  oxigen.    All  the  fulph^tes  heated  with  this 

^metal  are  more  or  lefe  fpeedily  and  eafily  con-* 
verted  into  fulphurets.  When  equal  parts  of 
pot-a|h  and  this  metal  were  heated  in  a  cru- 
cible, I  obtained  a  greeniih  fufed  rnafs^  as  we 
have  feen  with  antimony  and  zinc,  and  an- 
nounces in  thofe  tliree  metallic  fubilances  a 
ft^ong  tendency  to  unite   with  oxigen,  and  to 
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^eeompdTe  the  fulphuric  acid.  Glauber  in  the 
laft  century  made  this  obfervation  upon  the 
ammoniacal  iulphate. 

38*  The  nitrates  all  bum  tin  with  more  or 
lefs  force  and  fpeed  by  the  aiTiilance  of  heat. 
This  combuiHon  is  ufually  eiFeded  by  melting 
and  obfeurely  igniting  l^in  in  a  crucible,  upon 
which  nitre  or  very  dry  nitrate  of  pot-afh  is 
thrown.  A  white  and  brilliant  flame  rifes  above 
the  crucible.  When  the  detonation  is  ended, 
when  there  is  no  more  flame  excited  by  the  pro^ 
je3;ioi^  of  the  nitre,  the  tin  is  totally  oxided; 
This  oxidation  is  fi|ll  better  performed  hy  mix- 
ing tin  in  fine  filings  with  three  parts  of  nitre, 
and  proj^ing  the  mixture  into  a  red-hot  cru^ 
cible.  After  this  operation  a  very  white  oxide  of 
tin  remains,  which  is  partly  united  with  pot-afh« 
By  lixiviating  this  refidue  with  water,  the  fixed 
alkali  is  waflied  off  in  combination  with  a  fmall 
quantity  of  oxide  of  tin,  which  may  be  preci* 
pitated  by  "an  acid.  We  alfo  find  in  this  lixivium 
a  fmall  quantity  of  nitrate  of  ammonia,  foxmed 
by  the  fimultaneous  decompofition  of  the  nir 
trie  acid  and  water,  fimilar  to  the  fait  which 
Bayen  obtained  by  waflnng.  the  oxide  of  tin 
afforded  by  the  nitric  acid.  Geoffrey  obferves, 
that  the  grey  oxide  of  tin  detonates  with  nitre; 
afa6t  which  proves  that  this  oxide  is  not  fatu- 
rated  with  oxigen,  and  that  it  is  ftill  very 
much  difpofed  to  abforb  that  principle.  On 
account  of  this  it  is  that  the  oxide  dcr 
compofes  nitre  in  a  retort,  ^nd  difengages  ni- 
trous 
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trous  acid,  as  Pelletier  obferv*ed;  and  that  after 
this  decompofitron,  the  oxid^  which  :refults;  ii 
lufceptible  of  aiFording  aurum-  inufiYum^  with 
fulphur  on  account  of  its  ftrorig  oxidation, 
whereas  the  grey  oxide  affords  notie.  The  nU 
trate  of  pot-rafli  isnotdecompofed  Jay  the,  white 
oxide  of  tin,  which  was  foriB^rly  called  flowers 
of  tin,  and  is  the  prodydof  the>conlpietc.oxl- 
/dation  or  deflagj-ation  of  that  metal/ 

59.  Some  chemifts  have  affirmed  that  tin  dcr 
compofes  the  muriate  of  Soda ;  but  they  have 
not  ftated  accurate  experiineuts  Jn  fupport  of 
this  aifertion ;  but  it  deconipofes  the  ammonia- 
cal  muriate  very  well  on  account  of  the  volar 
tility  of  its  bafe,  together  withthq  ftrpng  adion 
of  the  muriatic  acid  upon  the  metal.  Bucquet 
has  made  this  experiment  with  grea.t  care.  By 
diftilling  the  muriate  of  ammonia  with  half  its 
weight  of  tin  in  filings  in  a  glafs  retort,  he  obr 
tained  much  hidrogeu  gas  mixed  with  ammor 
niacal  gas.  This  decoippofition  is  never  comr 
plete,  becaufe  the  tin  melts,  and  is  colled^ed  in 
a  button  in  the  retort.  The  refidue  of  this  operar 
tion  is  a  Iblid  muriate  of  tin  deconipofable  by 
water,  and  fimilar  to  that  which  i*i  afforded  by 
the  diftillation  of  cojrrofive  muriate  of  mercury 
and  tin  before  fpoken  of. 

60.  The  golden  fulphurated  oxide  of  tin  or 
aurum  mufivum  is  prepared  by  decpippofing  the 
muriate  of  ammonia  by  tin,  and  adding  fulphur 
to  the  decompofition.  Since  the  time  of  Kuncr 
kel,  who  firft  dpfcribed  with  particularity  this 
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lingular  operation  and  its  moft  lingular  produ6^ 
his  procefs  has  been  pretty  conftantly  employed, 
which  confifls  in  heating  in  a  retort  equal  parts 
of  tin,  of  mercury  amalgamated  with  tin,  of 
muriate  of  ammonia  and  of  fulphur.  Bullion 
found  that  the  proportion  of  fulphur  might  be 
diminiihed  a  little,  and  that  of  fal  ammoniac 
ftill  more.  Pelletier,  who  has  repeated  the  pro* 
cefs  of  Bullion,  obtained  a  very  beautiful  aurum 
mufivum,  by  heating  eight  parts  of  tin  united 
with  eight  parts  of  mercury,  together  with  fix 
parts  6f  fulphur,  and  four  of  muriate  o^ammonia, 
This  Ikilful  chemift  has  obferved  that  fulphu-r 
rated  hidrogen  gas  is  difengaged  in  this  ope- 
ration, together  with  fulphuret  of  ammonia 
and  muriate  of  tin ;  that  the  tin  being  oxided 
and  united  to  the  fulphurconftitutes  the  aurum 
mufivum ;  that  a  portion  of  this  combination, 
formed  by  the  fiibftances  in  the  ftate  of  vapour, 
b  depofited  in  lamellated  hexangular  cryfials 
;  againfi:  the  roof  and  in  the  neck  of  the  retort ; 
that  aurum  mufivum  is  not  itfelf  volatile ;  that 
it  is  decompofable  by  a  ftrong  heat,  and  affords 
fulphureous  acid,  and  that  at  the  fame  time 
that  it  paifes  to  the  ftate  of  fulphuret  of  tin ; 
that  this  produ6l  might  be  fabricated  by  heat- 
ing the  fulphuret  of-  tin  with  equal  parts  of 
fulphur  and  fal  ammoniac ;  that  it  might  alfo 
be  obtained  with  equal  parts  of  fulphuret  of 
tin  and  fuper-oxigenated  muriate  of  mercury 
heated  together;  that  this  compound  contains 
fixty  parts  of  oxide  of  tin,  and  forty  of  fulphur, 

whereas 
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whereas  the  fulphuret  of  tin  contains  only 
twenty  parts  of  fulphur  united  to  eighty  parts 
xof  metallic  tin ;  that  the  fulphurated  oxide  of 
tin  when  heated  with  charcoal  is  decompofed, 
affording  carbonic  gas  with  fulphurated  hidro* 
gen  gas,  and  that  it  becomes  reduced  to  the 
ilate  of  fulphuret  of  tin,  by  the  lofs  of  fulphur 
and  oxigen  in  this  proce&;  that  this  aurum 
mufivum  is  not  changed  nor  enlivened  as  to  its 

colour  by  the  muriatic  acid,  whereas  the  ful* 
phuret  of  tin  is  flrongly  attacked  by  this  acid : 
laftly,  that  in  order  to  prepare  this  brilliant 
compound,  we  might  with  advantage  fubftitute, 
infiead  of  the  retort  hitherto  employed,  a  cru- 
cible filled  to  one-third  of  its  height,  with  the 
mixture  made  in  the  proportions  indicated  by 
Bullion  :  at  the  diftance  of  one  inch  above  the 
mixture  he  placed  a  grooved  cover  of  pottery : 
on  this  veffel  he  placed  a  fecond  covering 
luted  on  ;  and  this  crucible  was  placed  in  an* 
other  larger  one  full  of  fand ;  he  heated  the 
whole  apparatus  in  a  furnace  for  eight  or  ten 
hours,  with  the  temperature  neceffary  for  the 
fublimation  of  muriate  of  ammonia.  The  cru- 
cible when  V^ken  exhibited  one  part  of  the 
fublimed  fait;  and  underneath  a  blackifh  mafs 
was  found,  the  aurum  mufivum  in  a  folid  form 
of  a  beautiful  golden  colour.  He  informs  us 
that  the  black  fubftance  may  be  ufed  in  fuc* 
ceflive  operations. 

This  proceis,  as  Pelletier  remarks,  is  much 
eafier,  and  more  particularly  leis  expeniive  than 

the 


the  ancient  method.  Four  parts  of  tin,  made 
ufe  of,  afford  five  parts  of  the  fulphurated  gol* 
den-coloured  oxide,  which  is  ufed  either  for  or- 
naments or  decorations,  or  to  rub  the  cuflwons 
of  electrical  machines.  Thefe  important  re- 
fults  of  the  capital  experiment  of  Pelletier, 
imited  to  feveral  of  thofe  iwrhich  I  have  exhi- 
bited in  the  preceding  numbers,  render  the 
hiftory  of  aurum  mufivum  complete.  I  ihall 
only  add,  that  this  compound  is  not  a  fimple 
fulphurated  oxide  of  tin;  but  that  it  contains 
hidrogen,  as  all  the  experiments  of  this  chemift 
prove;  for  which  reafon  I  have  called  it  the 
hidro-fulphurated  oxide  of  tin. 

61.  The  fuper-oxigenated  alkaline  muriates, 
particularly  that  of  pot-afli,  which  is  the  only 
one  well  known,  and  hitherto  employed  in  ex- 
periments, bum,  enflame,  and  oxide  tin  much 
more  ftrongly  than  the  nitrates  do.  Three  parts 
of  this  fait  mixed  with  one  part  of  tin,  in  fine 
powder,  take  fire  rapidly  by  the  conta6l  of  an 
ignited  combuftible  body.  In  this  combuftion 
there  is  a  lively  and  fudden  flame ;  the  tin  is 
reduced  into  vapour  as  if  by  the  eledric  fpark, 
when  the  experiment  is  made  in  the  open  air. 
WTien  it  is  made  in  clofed  veffels,  it  affords  a 
method  of  obtaining  very  pure  oxide  of  tin, 
and  of  knowing  exaftly  the  quantity  of  oxigen 
it  contains,  after  wafhing  the  refidue ;  which 
walhing  carries  off  the  muriate  of  pot-  afli  alone, 
without  any  portion  of  the  oxide.  When  a 
mixture  of  fuper-oxigenated  muriate  of  pot-afli 
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and  tin  is  ftruck  upon  a  mafs  of  fteel,  it  fulml-» 
nates  with  a  loud  noife  and  a  large  luminous 
circle  in  the  dark, 

62.  Tin  decompofes  a  great  number  of  falts 
and  metallic  folutions,  either  by  precipitating  the 
inetals  in  their  brilliant  and  metallic  form,  when 
it  takes  from  them  all  the  oxigen  they  con- 
tained, or  by  feparating  them  in  the  ftate  of 
oxides  lefs  oxigeriated  than  they  were  before ; 
and  in  this  laft  cafe  either  it  is  precipitated  with 
them  by  the  union  of  the  oxides,  or  it  takes 
their  place  in  the  acids,  from  which  it  fepa«^ 
rates  them^  By  either  of  thefe  means  it  pro- 
duces  very  remarkable  phenomena,  of  which 
chemiftshave  availed  themfelves  in  their  analy^ 
ies,  and  from  which  the  arts  poffefs  the  advan^ 
tage  of  a  number  of  ufeful  produ6ls^ 


k.    Ufesi 

,  p3»  The  ufes  of  tiii  are  extremely  multiplied, 
^nd  we  may  affirm  that  there  i^  not  a  metai 
which  is  more  important  or  ufeful  to  fociety; 
It  is  made  into  veffels  of  every  defcription,. 
and  moulds  for  a  great  number  of  the  arts;  It 
ferves  for  lining  boxes  and  veffels  ufed  in  a 
great  number  of  circumllances.  The  pipes  oi 
organs  are  made  of  this  metal,  and  it  is  the 
principal  ingredient  in  the  plates  upon  which' 
mufic  is  engraved.  Decorations  of  a  very 
lively  appearance  are  formed  of  tin,  audit  is 
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applied  in  ihinleayestQ  a  great  number  of  phi* 
lofophical  iuftruments,:  more  efpecially  thofe 
•which  are  uljed  in  ele6tricity« 

64.  Its  alloys  are  equally  advantageous  to  the 
wants  of  the  community.  The  amalgam  of  tin 
ia  ufed  for  glaffes  and  mirrors.  It  is  an  ingre^ 
dient  in  folder,  and  applied  to  the  furface  of 
i:opper  to  defend  it  from  corrofion. ,  When  in- 
timately alloyed  with  this  l^ft  metal,  it  ferves 
for  cafting  ftatues,  bells,  cannon,  medals;  it 
enters^  into  the  compofition  of  the  metals  ufed 
in  polytypagc  anil  ftereotypage.  Pewterers 
ufe  it  with  bifmuth,  antimony,  lead,  and  copper^ 
to  give  it  confidence,  hardnefs,  and  to  form 
utenfils  of  every  defcription  employed  .  in  a 
great  number  of  ufes.  It  enters  in  general  into 
many  whit^  alloys,  more  or  lefs  dufilile  or  brit- 
tle, hard  or  foft,  fufible  or  refrat5lory,  &c* 

65.  Its  oxides,  under  the  name  of  putty,  fcrve 
to  poliili  a  variety  of  hard  bodies:    they  ai« 

.  melted  with  the  oxide  of  lead,  fand,  and  fixed 
alkalis,  tofabricate  enamel,  to  cover,  varnifh  or 
glaze  .pottery,  porcelain,  plate  glafles,  and  the 
falfe  femi^tr^finfparent  fliones.     The  muriate  of 

tin  ;is,ufed  to  prepare  the  fine  purple  named 
the  precipitate  of  Caflius,  of  which  I  ihall  fpeak 
under  tlie  article  of  gold :  the  fuper-oxigenated 
muriate  of  tin,  is  one  of  the  moft  valuable  in- 
gredients, and  mordants  of  dyeing,  under  the 
*  liatne  of  cpmpofition.  It  is  no  lefs  ufeful  iii 
tjie  calico  prifetin^.  Its  application  has  made 
an  infHiaenfe  progrefs  in  thofe  interefting  arts 
■  -        .    ■'[■  .  wliich 
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which  are  at  prcfent  the  inftnimeuts  6^  pfd*p** 
rity  and  riches  in  cultivated  nations;  It  is  to 
this  metal  we  owe  the  brilliant /hades  of  fcarlct, 
deep  poppy-colour,  and  brilliant  fiery  red:  Its 
advantageous  properties  will,  no  doubt,  be  car* 
ried  to  ft  ill  greater  and  more  cxtenlive  degrees 
of  utility. 

66.  The  ufe  of  tin  in  culinary  utenfils,  irt 
pharmacy,  and  in  all  thfe  wants  of  life,  haJi 
been  falfely  confidered  as  dangerous,  from  the 
erroneous  experiments  of  Geoffroy  and  Mar-^ 
graff.  It  is  well  proved,  as  I  have  Ihown, 
that  it  does  not  contain  the  arfenic  admit- 
ted by  thofe  chemifts,  refpefting  the  pre* 
fence  of  which  they  were  Angularly  deceived, 
as  appears  \  from  the  conclufive  refearches  of 
Bayen.  It  is  no  longer  poflible  to  entertain 
any  doubt  re{\>e6ting  the  ill-founded  nature  of 
thofe  apprehenfions,  or  to  liften  to  the  falfe  de- 
clamations, fo  often  repeated  for  fifty  years, 
concerning  this  metal.  Schultz,  in  liis  well*  • 
written  diflertation  on  the  ufe  of  velfels  of 
metal,  in  the  preparation  of  food  and  medicine, 
had  already  vindicated  tin  from  the  abfurd 
calumnies  applied  to  it,  and  the  experiments  of 
thofe  French  chemifts  I  have  already  cited,  add 
to  the  reafonings  and  to  the  affertions  of  Schultz 
a  degree  of  force  and  authority  which  can  never 
hereafter  be  weakened  or  overthrown. 

So  that  notwithftanding  the  condonation 
which  ibme  men,  deceived  by  their  faHc  ex:pe- 
riments,  had  inflifled  on  this  metal,  many  phy- 
ficians  had  propofed  and  employed  it,  even  with 

fuccefs^ 


Ti^4  65 

fuccefs,~  in  diforders  of  the  liver,  the  womb,  and 
afFe6lions  caufed  by  worms.  La  Poterie  pre- 
pared his  anti-hedic  from  this  metal,  which, 
during  a  number^  of  years,  was  greatly  in 
faihion,  and  was  only  a  lixivium  of  the  oxides  of> 
antimony  and  tin,  formed  by  detonation  with 
the  nitrate  of  pot-afb,  that  is  to  fay,  a  folution 
of  pot-aih,  containing  a  portion  of  thefe  oxides* 
Country  people  frequently  leave  for  twenty- 
four  hours  fweet  made  wine  in  a  veffel  of  tin^ 
and  give  a  glafs  of  this  liquor  to  their  children 
who  are  attacked  with  the  worms.  Navier 
faw  a  girl  of  fixteen  years  who  evacuated 
thirty  worms,  by  the  effeft  of  this  remedy. 

The  powder  of  tin  is  ufed  at  Edinburgh  and 
IB  England,  in  diforders  arifing  from  worms,  for 
which  purpofe  it  is  made  by  pounding  the  metal 
in  the  fufed  ftate  in  a  mortar^  and  preventing 
it  from  affuming  the  folid  form,  after  which  it  is 
pafTed  through  a  fine  fieve.  In  this  country  tin 
is  a  remedy  very  commonly  known,  and  of 
which  the  ef{b6is  are  much  extolled. 
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ARtlCLt    XVIIL 

Of  Lead. 

A.     Hijfory^ 

/  1.  LEAD,  like  tin,  is  one  of  the  metals  whi^Ii 
men  hare  the  earliieft  known,  and  w^hich  ap- 
pears to  date  in  the  earheft  periods  of  human 
civilization.  The  time  of  its  firft  ufe  is  loft  in 
the  night  of  the  earlier  ages,  sind  the  moft  an- 
cient authors  fpeak  of  it  as  a  metal  'already  em-- 
ployed  from  time  immemorial.  Tradition  even 
among  the  remdteft  nations,  gives  no  informa- 
tion, as  it  fliould  appear,  concerning  the  origin 
and  difco very  of  lead*  \ 

Pliny  fpeaks  of  it  under  the  name  of 
plumbum  nigrum;  and  though  it  was  known 
only  by  a  few  of  its  properties,  he  has  diftin- 
guiflied  it  very  well  from  tin,  and  has  remarked 
that  the  latter  was  even  then  falfified  or  adulter- 
ated with  the  former,.  We  fliall  be  lefs  furprif- 
ed  at  the  antiquity  and  the  ufes  of  lead,  than 
that  of  the  difcovery  of  tin,  if  we  compare  the 
abundance  of  the  ores  of  the  former,  and  the 
facility  of  treating  them,  with  the  rarity  and 
difficulty  of  treating  the  ores  of  the  latter.  , 

Alchemifts  have  compared  lead  to  Saturn,  not 
only  becaufe  they  fuppofe  this  metal  to  be  the 
old  eft,  and,  as  it  were,  the  father  of  all  the 
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others,  but  alio  becaufe  it  was  confidered  as 
very  cold;  becaufe  the  property  of  abforbing 
and  apparently  deftroying  almoft  all  the  metals, 
was  attributed  to  lead  in  the  fame  manner  as 
fabulous  hiftory  affirms  that  SatUi'n,  the  father  of 
the  Gods,  devoured  his  children.  The  fign  of  lead 
is  the  fame  as  that  of  the  planet  Saturn,  formerly 
reprefented  by  a  crefcent  placed  below  and  to  the 
right,  and  furmounted  at  the  left  by  the  crofs, 
the  image  of  the  reddening  and  acid  quality.  It 
figriified,  according  to  the  alchemifts,  that  by 
certain  concealed  analogies  with  fulphur,  it  was 
almoft  entirely  corrofive ;  which  proved,  accord- 
ing to  them,  its  deftruftive,  and,  as  it  were,  nar- 
cotic effeft  on  the  apimal  economy.  This  me- 
tal has  been  more  particularly  tortnented  by  ex- 
periments by  the  alchemifts,  and  they  have  left  us 
a  great  number  of  procefles  refpefting  it.  They 
pretended  to  convert  it  into  filver,  and  it  is  one 
Upon  which,  according  to  them,  the  powder  of 
projeftioti  has  the  greateft  effeft* 

Sv  To  the  fingular  and  unhappy  labours  of  the 
alchemifts  on  lead,  fuccecded  thofe  of  the  phar- 
macological chemifts,  who  propofed  to  themfel  ves 
an  objeft  no  lefs  chimerical,  but  at  leaft  more  ufe- 
ful  and  philofophical ;  namely  to  malk  or  deftroy 
the  noxious  properties  of  this  metal,  and  render 
it  advantageous  in  the  art  of  healing.  Their 
efforts,  though  not  entirely  fruitlefs,  have  not 
produced  the  fuccefs  they  fought.  The  prepa- 
rationa  of  lead,  in  whatever  manner  they  were 
louide  ftill  retaineci their  deftru6live  and  paralyf- 
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ing  property  ;  it  has  never  been  ad vantageoully 
applied  in  medicine,  but  as  a  topical  remedy: 
tven  in  this  cafe,  its  adminiftration  requires 
great  prudence,  and  ought  not  to  be  entrufted 
but  to  men  df  {kill.  Neverthelefs,  while  the 
earlier  chemifts  thought  to  mitigate  the  acrid 
nature  of  lead,  and  make  experiments  upon  it 
for  the  objefts  of  pharmacy,  they  discovered 
many  of  its  properties,  and  contributed  much  to 
its  chemical  and  philofophical  hiftory. 

4.  Authors  of  fyftemical  publications  upon 
chemiftry,  have  availed  themfelves  of  thefe  fe- 
veral  preliminary  works,  in  order  to  determine 
the  particular  and  charafteriftic  properties  of 
lead.  Each  of  thefe  authors,  particularly  thofe 
who  have  drawn  up  their  treatifes  after  the  ex- 
perimental demonfttations  they  have  made  upon 
the  fcience,  (and  it  may  eafily  be  imagined,  that 
thoft  alone  are  capable  of  giving  an  account  of 
the  whole  fcience,  as  well  as  its  particular  parts) 
has  enriched  the  hiftory  of  lead  with  fome  dif- 
coveries,  or  certain  feries  of  rdearches  or  affays 
peculiar  to  himfelf.  Tlius  we  have  gradually 
feen  the  details  of  procefles,  experiments,  and 
refults  refpe6ling  lead  increafe  in  the  fucceffive 
works  of  Earner,  Bohnius,  Stahl,  Boerhaave, 
Juncker,  Shaw,  Macquer,  Wallerius,  Spielman,. 
Cartheufer,  Baum6,  and  particularly  the  more 
modern  treatifes  of  Wafferberg  and  Gren,  who 
have  added  their  own  proper  experiments  to 
thofe  of  their  prcdeceffors* 

5.  Mineral- 
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5.  Mineralogifts,  affayers  and  nietallurgifts, 
have  alfo  united  to  complete  the  Wftory  of  tlie 
clieinical  properties  of  lead.  In  this  refpeft,  it 
is  even  a  metal  which  has  been  more  efpecially 
ftudied,  and  is  one  of  the. bell  undcrftood  with 
i-egard  to  its  aflays  and  the  operations  upon  it. 
Though  it  has  not  been,  any  more  than  tin, 
confidered  chemically  by  any  hiftorian,  who 
has  confined  himfelf  to  the  liibjeft  fingly,  we 
find  in  chemical  works  great  numbers  of  dilferta- 
tions  on  foraeof  its  properties  or  combinations, 
or  fome  parts  of  its  multiplied  and  highly  im- 
portant ufes.  Its  aflays,  its  folutions,  its  ox- 
ides, and  its  alloys  with  the  other  metals,  con 
fidered  with  refpeft  to  the  arts,  have  been  more/ 
particularly  treated  of. 

6.  The  pneumatic  doftrine  has  afforded  manj  Vftvj^^^jj^^ 
developments,  and  tended  greatly  to  enlighten  X^^xoJ;^ 
our  knowledge  of  the  properties  of  lead.  Upon 
this  metal  it  is  that  philofophers  have  fixed 
tlieir  earlieft  attention  with  refped  to  the  in- 
creafe  of  the  weight  of  its  oxide,  and  fought  to 
afcertain  the  caufe  of  this  augmentation,  the 
diflFerence  of  the  feveral  oxides  it  atfords,  the 
theory  of  their  reduftion  by  carbon,  the  adion 
of  the  acids  upon  this  metal,  the  manner  in 
which  it  is  altered  by  the  falts,  the  characters 
and  the  compofition  of  its  ores,  and  particularly, 
the  various  native  falts  of  which  it  is  a  compo- 
nent part.  The  effefts  of  thefe  oxides  upon 
faline  fubftances,  have  been  the  fource  of  feveral 
modern  difcoveries,  which,  while  they  add  to 
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the  accuracy  of  its  individual  hiftory  have  alfo 
concurred  to  ftrengthen  aud  confirm  the  bafesi 
of  the  pneumatic  do6lrine.  We  are  more  par- 
ticularly indebted  to  the  later  refearches  of 
Prouft,  Profeffor  of  Chemiftry  at  Segovia,  an4 
Citizen  Vauquelin,  on  the  different  oxides  of 
lead,  and  their  a6lion  in  the  decompofition  of 
falts,  for  the  clearnefs  and  perfpicuity  of  our 
knowledge  relative  to  the  chemical  properties^of 
this  metal. 


B.  Phi^fical  Properties. 

7.  Leap,  which  a  few  years  ago,  was  confi? 
dered  as  a  bafe,  ignoble,  imperfe^  metal,  is  of  ^ 
grey  colour,  dull,  or  of  little  brilliancy,  an4 
very  perceptibly  inclining  to  blue.  Itrefem-j 
bles  no  other  metallic  fubftance  as  to  this  pro^ 
perty  ;  its  colour  is  livid,  and  ais  it  were,  fad; 
it  feems  tq  announce  its  dangerous  qualities  ; 
and  inftead  of  attra6ling  the  eye, .  as  the  coloifr 
of  other  metals  does.,  it,  in  fopie  meafure  dif- 
pleafes,  repels,  and  produces  the  idea  of  danger, 

8.  The  weight  of  lead  is  cpnfiderable-j-  com- 
pared with  the  other  metals  it  occupies  the  fifth 
rank ;  it  is  placed  between  mercury  which  is 
heavier,  and  filver  which  is  rather  lighter  than 
it.  Its  fpecific  gravity  is  expreffed  by  the 
number  11,352.  water  being  1,000.  It  is  the 
leaft  du6lile  and  the  leaft  fonorous  of  the  metals 
of  the  fourth  genus  ;  it  is  eafy  to  laminate,  and 
very  readily  flattens  under  the  haipmer  j  it  does 

not 
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MOt  acquire  much  hardnefs  by  hammering.  It 
is  fo  foft  that  it  may  be  fcratched  with  a  nail^ 
cut  with  a  knife,  or  bended  in  every  diredion. 
Its  tenacity  is  the  lead  of  .all  the  metak.  A 
wire  of  lead  of  one-tenth  of  an  inch  in  dia- 
meter'fupports  only  Q9t  of  a  pound  before  it 
breaks.  -  * 

9-  Lead  is  a  very  good  conductor  of  caloric, 
thougii  it  is  not  extremely  dilatable.  It  melts 
at  a  low  heat,  and  immediately  after  mercury, 
tin  and  bifmuth  ;  it  holds  the  fourth  rank  in  the 
order  of  fufibility.  Citizen  Guyton  eftimates  it 
at  250  degrees  of  the  thermometer  of  Reaumur. 
When  it  is  kept  long  red-hot,  it  fublimes  and 
emits  fumes  in  the  air;  but  for  this  purpofe  a  very 
elevated  temperature  is  required.  If  it  be  flowly 
cooled,  it  cryftallizes  in  quadrangular  pyramids, 
air  formed,  as  it  Ihould  appear,  of  oftahedrons. 
Thus  it  was  that  Mong^z  the  younger  obtained 
it.  It  is  obfervable  that  when  this  operation  is 
made,  it  fucceeds  beft  (as  tin  like  wife  does)  when 
the  lead  has  been  fufed  feveral  times  fucceffively, 

10.  This  metal  is  a  conduftor  of  eleftricity 
and  of  galvanifm ;  but  it  appears  that  it  pof^- 
feffes  thefe  properties  only  in  a  weak  degree  :  it 
has  a  particular  and  rather  fetid  fmell ;  its  tafte 
is  alfo  foraewhat  acrid  and  difagreeable :  in 
confequence  of  this  property  it  fliould  feem 
that.it  ads  upon  the  animal  economy,  and  pro- 
duces the  deadening  and  paralyfing  aCliou  which 
U  fo  well  known, 

C.  Natw 
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C.     Natural  Hiftory. 

11,  Lead  is  a  metal  of  which  the  ores  are 
very  abundant  in  nature ;  there  are  many  in 
France,  Germany,  England,  &c.  It  is  alfo  a 
metal  of  which  the  ores  are  the  mod  va- 
ried. Mineralogifts  have  minutely  defcribed  a 
great  number  of  fpecies;  but  moft  of  them 
Alfo  have  either  fpoken  of  the  ores  belonging  to 
the  other  metals,  or  have  taken  varieties  for 
fpecies,  and  in  that  manner  have  multiplied  in- 
dividuals without  neceflity.  Thus  they  have 
diftinguiftied,  among  the  fulphurets  of  l^ad,  as 
many  fpecies  as  there  are  different  metals  com* 
bined  with  fulphur  together  with  lead;  and 
neverthelefs  while  they  thus  multiplied  the  fpe- 
cies from  the  properties,  which  ought  to  have 
given  only  varieties,  the  fcience  has  made  real 
advances  in  the  difcovery  of  new  ores  of  lead, 
more  different  from  the  former  known  fpecies, 
than  fome  of  thofe  were  really  with  refpe6i;  to 
each  other.  Henpe  it  is  that  we  perceive  vacan- 
cies in  the  fyftems  of  mineralogy.  Bergman,  for 
example,  iti  1780,  diflinguifhed  only  three  ores 
of  lead,  namely,  the  fulphuret,  the  carbonate, 
and  the  phofphate. 

12.  Though  the  exiftence  of  native  lead  in 
the  metallic  ftate  has  been  admitted  l)y  Wal- 
lerius  and  Linnaeus;  though Henckel  mentioned 
^t  before  them  in  his  Pyritology ;  though  Genf- 
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iane,  in  his  natural  hiftory  of  Languedoc,  af- 
firms  that  he  found  it  in  the  Vivarais,  and  though 
Kirwan  adds  to  thefe  authorities,  that  of  the  dif- 
covery  of  the  fame  native  metal  in  Monmouth- 
fliire;  yet  moft  mineralogifts,  Cronftedt,  Jufti, 
Monnet,  and  particularly  Haiiy,  do  not  reckon 
this  native  metal  among  the  fpecies  of  lead 
ores.  Citizen  Guy  ton,  in  the  note  he  has  given 
upon  this  article  of  the  humid  analyfis  of  Berg- 
man, obferves  that  the  lead  found  by  Genffane 
in  the  Vivarais  was  grains  diffeminated  in  the 
oxide,  and  even  in  the  vitreous  fcoria  :  which 
evidently  proves,  according  to  him,  that  itarofe 
from  an  ore  reduced  by  fire  or  the  burning  of 
a  foreft.  This  notion  was  not  deftroved  when 
he  faw  a  fample  of  lead  itfelf  taken  on  the 
fpot  by  Citizen  Groffard-Virly.  He  thinks 
the  fame  was  the  cafe  with  the  Monmouth  na- 
tive lead,  defcribed  in  the  Philofophical  Tran- 
fadtions  1772. 

18.  Neither  have  the  alloys  of  lead  with 
other  metals  been  found  in  nature.  It  is  no 
lefs  a  problem  refpefting  the  exiftence  of  pure 
oxide  of  lead  among  its  ores.  Three  of  the 
five  ftates  which  I  have  indicated  in  general,  in 
the  natural  hiftory  of  the  metals,  are  confe- 
quently  null  with  refpetl  to  lead ;  it  is  not 
found  in  the  earth,  but  in  the  ftate  of  metal 
combined  with  fulphur,  or  of  oxide  united  to 
the- acids  in  the  form  of  faltsof  lead.  This  laft 
ftate,  though  lefs  abundant  than  the  former,  is 
the  moft  frequent  and  the  moft  varied  of  the 
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ores  of  lead*  I  therefore  admit  feven  very  dif- 
ferent fpecies  of  lead ;  1.  Sulphuret,  £.  Sulphate, 
3.  Phofphate^  4.  Arfenite,  5.  Moly bdate.  6. 
Chroiuate,  7*  Carbonate.  I  lliall  proceed  to 
point  out  the  principal  charaders  of  each  of 
thefe  ores. 

14.  The  native  fulphuret  of  lead  is  an  ore 
very  eafily  kno\vn  by  its  grey,  very  brilliant 
and  fpecular  colour,  its  lamellated  texture,  its 
cubic  form,  and  its  brittlenefs.  It  was  foiinerly 
caHed  Galena,  and  is  found  in  great  abundance 
in  continued  veins  in  nature.  It  is  found  in 
cubes,  infolated  or  grouped,  in  o6lahedrons, 
^Ifo  infolated,  and  arifing  from  the  diminution 
of  the  fmall  cubic  particles  on  all  the  edges 
and  angles  at  the  fame  time,  in  plates  very 
broad  or  narrow,  in  a  texture  as  it  were  granu* 
lated  in  hexahedral  prifms,  or  in  columns 
which  appear  to  be  faline  lead  paffed  to  the  ftate 
of  fulphuret.  There  is  not  a  fingle  piece  or  va- 
riety of  fulphuret  of  lead  which  does  not  con- 
tain (liver :  fpmetimes  the  miners  confider  as 
iilver  ores  thofe  fulphurets  of  lead  which  are 
highly  charged  with  this  valuable  metal.  Such 
particularly  was  that  which  Mr.  de  Born  in  his 
mineralogical  catalogue  has  nominated  grey  or 
white  filver  ore ;  the  weiflTgittig  of  the  Saxons 
in  which  Mr.  Klaproth  fpundO,40of  lead,  0,20 
of  filver,  0,12  of  fulphur,  0,08  of  antimony, 
0,02  of  iron,  0,07  of  alumine,  and  a  little  filex; 
an  ore  very  complicated,  as  we  fee  in  its  con> 
pofition,  and  of  which  complication  many  other 
3  varieties 
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varieties  of  fulphuret  of  lead,  if  analyzed  with 
the  fame  care,  would  prefent  new  inftances.  It 
is  obferved  in  general  that  the  varieties  of  this 
ore,  with  fraall  facets  or  of  a  granulated  tex- 
ture, are  more  loaded  with  filver  than  the 
others,  Thofe  which  are  defignated  as  particu- 
lar fpecies  by  feveral  mineralogifts  by  the  name 
of  martial  galena,  antimonial  galena,  ought 
therefore  to  be  confidered  as  varieties,  which 
differ  only  in  the  proportions  of  their  prin^ 
ciples,  or  by  the  addition  of  fome  metals  to  the 
fulphuret  of  lead.  By  a  more  attentive  exami- 
nation it  may  be  hereafter  difcovered,  that  the 
iron  and  particularly  the  lead,  are  only  inters 
po&d  between  the  proper  particles  of  the  ful- 
phuret of  le^d,  of  which  the  abundance  and 
predominance  ought  to  caufe  them  to  be  ranked 
pmong  the  ores  of  this  laft  metal. 

The  fulphuret  of  lead  is  the  moft  frequent 
and  moft  abundant  of  the  ores  of  this  metai 
It  is  found  in  maffes,  and  in '  confiderable  beds 
at  different  depths  frequently  between  two  layers 
of  blackiih  quartz,  containing  fulphur  accord- 
ing to  the  obfervation  of  'Citizen  Dolomieu. 
This  ore  is  the  moft  frequently  wrought  to  ex- 
tra6l  the  lead.  Citizen  Monnet  has  obferved 
fulphuret  of  lead  to  efflorefce,  become  burned 
in  the  air,  and  converted  into  fulphate  of  lead. 

15.  The  fame  niinejalogift  firft  difcovered  na- 
tive fulphuret  of  lead  in  a  white  mafs,  folublej 
in  eighteen  times  its  weight  of  water,  or 
blackifh  ftriated,  friable,  or  in  fl^ladlites.     Dr, 
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Withering  has  fmce  foimcl  it  in  the  Ifle  of  Angle-^ 
fea  in  reg^ular  fmall  oftahedrons.  Its  colour  is 
yellow,  and  it  is  united  to  iron  mixed  with 
clay.  Citizen  Monnet  aflerts  that  it  is  re- 
ducible by  charcoal,  and  that  it  aj  ifes  from  the 
efflorefcence  and  fpontaneous  fulphatization  of 
certain  fulphurets  or  friable  pyrites  of  lead; 
that  mentioned  by  Dr.  Withering  is  not  redu- 
cible either  by  the  blow-pipe  or  by  charcoal. 
-  16.  Mr.  Gahn,  a  Swedifli  chemi.ft  and  phyfi- 
cian,  the  pupil  of  Bergman,  firft  difcovered  a 
greenifli  phofphate  ofN  lead  in  Brifgaw.  Mr. 
Tenant  has  confirmed  the  difcovery  of  Gahn. 
Klaproth  found  in  the  lead  of  Brifgaw  near  0, 1^ 
of  phofphoric  acid,  and  0,73  of  lead.  Citizen 
Gillet  Laumont  having  obtained  from  the  yel* 
-  lowifli  cryftals  of  lead  called  the  fpathofe  lead  of 
Huelgoet,  by  treatment  with  the  blow-pipe,  ^n 
irreducible  button,  and  having  obferved  in  fur- 
naces, in  which  this  ore  is  treated,  a  yellowiih 
dancing  flame,  fufpefted  that  this  fpathofe  lead 
might  be  a  phofphate,  and  undertook  to  exa- 
mine it  chemically.  He  found  means  by  treat- 
ing it  with  nitric  acid  to  feparate  the  acid  of 
phofphorus.  This  phofphate  of  lead  has  the 
form  of  thick  hexahedral  regular  prifms  of  a  yel- 
lowifli  or  reddifli  colour ;  it  afforded  Citizen 
Haiiy,  by  diifeftion,  a  dodecahedron  in  ifofceles 
triangles,  with  the  prifui  comprehended  be- 
tween the  two  pyramids.  By  fufion  with  the 
blow-pipe  it  cryftallizes  in  a  regular  polyhedron 
as  it  cools.  Since  the  firft  difcovery  many  va- 
rieties 
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rJeties  of  this  oxicle  of  lead,  faturated  with 
phofphoric  acid,  have  been  difcovered.  We  are 
at  prefent  acquainted  with  tranfparent,  opaque, 
white  and  grey,  yellow,  yellowilh  green,  and 
brown.  I  have  found  it  in  green  protuberances 
in  an  ore  of  Pontigibaud,  in  the  department  of 
Mount  d'Or,  containing  arfeniate  mixed  with 
phofphate  of  lead.  Its  abundance  appeared  to 
me,  to  be  fuch,  that  it  would  be  ealy  to  ex- 
tract, at  a  cheap  rate,  the  phofphorus  on  the 
fpot  where  it  is  found. 

17.  The  arfenip  of  lead,  or  arfeniated  lead, 
has  been  lately  difcovered  (in  the  winter  of  the 
year  8)  by  Citizen  Champeaux,  engineer  of 
mines ;  it  exifts  either  in  filky  filaments,  of  a 
beautiful  yellow,  amianthiform,  flightly  flexible, 
and  very  eafy  to  break  ;  or  in  thin  concretions 
upon  quartz  or  fluate  of  lime.  Thefe  lafl:  are  of 
a  lefs  decided  yellow  than  the  filaments,  fre- 
quently greenifh,  compaft,  of  a  greafy  afpefl; 
and  vitreous  fraflure.  The  arfeniate  of  lead 
has  been  found  in  a  mountain  near  Saint-Prix, 
in  the  department  of  Saone  and  Loire.  It  is 
eafily  reduced  by  the  blow-pipe,  and  fpeedily 
emits  a  ftrong  arfenical  vapour.  Its  reduc^ 
tion  is  accompanied  with  an  effervefcence, 
which  fhows  that  the  arfenic  exifts  in  the  ftato 
of  oxide.  Citizens  Vauquelin  and  Leliev^Q 
have  afcertained  that  this  ore  is  the  arfeniate  of 
lead. 

18.  The  molybdate  of  lead  was  difcovered 
by  Mr*  Klaproth  in  the  yellow  lead  ore  of  Biey- 

berg. 
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berg.  It  is  named  yellow  lead  in  colleftionsii 
Mr.  Wulfen  defcribed  it  for  the  firft  time  in 
1785.  Mr.  Heyer  thought  that  he  had  difco- 
vered  the  tungftic  acid ;  but  the  prefence  of  the 
molybdic  acid,  announced  by  Klaproth,  has 
been  confirmed  by  an  accurate  analyfis  made 
by  Citizens  Vauquelin  and  Macquer,  inferted 
in  the  Journal  des  Mines,  p.  23,  This  native 
fait  varies  in  its  colour  from  pale  yellow  to 
orange  yellow.  Its  fra6lure  is  femi-tranfparent 
and  lamellated  ;  it  is  cryftallized  in  re6langular 
fquare  plates,  fometimes  terminating  in  a  bevel 
furface ;  its  fpecific  gravity  5,486.  All  the 
powerful  acids  decompofe  it ;  the  cauftic  alkalis 
diflblve  it  without  alteration ;  it  is  reducible  by 
charcoal.  According  to  the  analyfis'  of  the 
French  chemifts  above  cited,  it  contains  64 
parts  of  oxide  of  lead,  in  which  there  are  five 
parts  of  oxigen  to  59  of  lead,  0,28  of  the  mo- 
lybdic acid,  0,04  of  carbonate  of  lime,  and 
0,04  of  filex. 

!§.  The  chromate^'of  lead  is  a  new  fubftance 
difcovered  in  Odober  1797,  by  Citizen  Vauquelin, 
and  confifts  of  the  metallic  acid  of  chrome,  of 
which  I  have  pointed  out  the  properties  in  the 
fifth  article  of  this  feftion.  Ttiis  ne^  fait  was 
fonnerly  known  under  the  name  of  the  red  lead 
of  Siberia.  As  I  have  related  the  hiftoty  df 
this  difc6  very  in  that  of  chrome,  I  have  nothifig 
further  to  ftate  in  this  place,  except  the  charaC'* 
Icriftic  properties  of  the  native  chromate  of 
leaii.  Thii^  mineral  is  of  a  brigllt  lead ;  its  pow- 
der 
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det  IS  of  a  yellow- orange  colour.  Its  form  is 
that  of  rhomboidal  ftriated^prifiiiSj  terminating 
in  diftinft  fub-tetrahedral  funimits  ;  it  is  very 
brittle.  The  fixed  alkalis  diffolve  it  without 
decom()ofition.  The  alkaline  carbonates  de- 
cern pofe  it  on  the  contrary  very  eafily  by  the 
humid  way,  and  form  carbonate  of  lead,  which 
remains  infoluble,  and  the  chromate  of  pot-alh 
or  foda,  which  is  foluble,  and  of  a  yellow,  or 
flightly  orange  colour.  It  gives  a  green  coloiw 
to  the  fluxes  of  borate  and  phofphate  of  foda, 
when  fufed  before  the  bloM'^-pipe  ;  it  is  decom- 
^ofed  by  the  muriatic  acid,  wliich  affords  mu- 
jiate  of  lead  in  cryftals,  and  chromic  acid  dif- 
folved  in  water,  with  its  orange  colour.  The. 
fulphuric  acid  alfo  decompofesit ;  but  it  is  dif- 
ficult to  fepurate  the  chroanic  acid.  The  nitric 
acid  diifolves  it  by  heat  without  decompofition, 
and  fuffers  it  to  fall  ag-aiu  by  cooling.  An  hun- 
dred parts  of  this  chromate  of  lead  contain,  ac- 
cording to  the  analyfis  of  Vauquelin,  very 
neaiiy  65,12  of  oxide  of  lead,  and  S^jSS  of 
chi'omic  acid.  Citizen  Vauquelin  found,  be- 
fides  the  cryftals  of  red  lead,  other  green  cryf- 
tais  which  are  a  combination  of  oxide  of  lead 
und  chrome  in  the  ftate  of  green  oxide.  Lehman 
and  Mongez  thought  that  the  red  lead  was^  mi- 
Beralrzed  by  the  aifenital  ^cid. 

itO-  Tiie  fevcnth  and  laft  i^cies  of  lead  orfe 
irhitrhl  diftinynifh,  iathe  car bonate  of  lead,  I 
lank  it  the  fatft  iii  tiie  ordefr  of  its  native  falts^  be*- 
eaufe  th«  c»*komia  adki  ii^  thfift  which  adhodes  witk 

the 
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the  leaft  Itrength;  The  carbonate  of  lead^  which 
is  very  eafy  to  be  diftinguiihed  from  the  other 
ores  of  this  metal  by  its  folubility  in  nitric  acid, 
accompanied  with  very  evident  effervefcence 
and  difengagement  of  carbonic  acid,  and  by  its 
Ipeedy  reduction  upon  charcoal,  was  formerly 
named  fpathofe  lead,  or  white-lead,  becaufe  it 
often  has  that  colour,  and  becaufe  its  texture  is 
lamellated,  and  the  varied  colours  of  its  plates^ 
arefuch  as  characlcrize  what  was  formerly  known 
by  the  general  name  of  fpar  in  mineralogy  r  it 
varies  greatly  in  its  form  and  colour.  The  laws 
of  its  ftru6lure  have  not  yet  been  determined  by 
the  refeirches  of  Citizen  Haiiy.  By  difle6lion 
he  obtained  as  a  refult,  fe6lions  parallel  to  the 
faces  of  a  dodecahedron  of  two  right  pyramids, 
united  bafe  to  bafe,  AvJth  other  fe6lions  parallel 
to  the  faces  of  a  regular  hexahedralprifm  compre- 
hended between  two  pyramids.  He  obtained 
thefe  refults  from  the  cryftallotomy  of  the  car- 
bonate of  1  ead  from  Siberia ;  whereas  that  from 
feveral  other  places  afforded  him  for  the  refult  of 
their  mechanical  divifion,  ofilahedrons  :  this  laft 
form  is  fometimes  found  as  the  fecondary 
form  ;  the  fecondary  form  is  alfo  in  many  cafes 
the  hexahedral  prifm  with  various  fedions,  or 
facets  on  the  edges  of  the  bafes.  The  prifm  is 
feldom  terminated  by  hexahedral  pyramids. 
Carbonate  of  lead  is  moft  commonly  found  in 
fine  brilliant  needles,  a  kind  of  irregular  flriated 
prifms  fluted  internally  or  in  ftala6Htes,  or  in- 
cruflations.  .  In  part  of  the  flrata  a  portion  is 

found 
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found,  which  paffes  to  the  ftate  of  fulphufet  of 
lead.  The  colour  is  no  lefs  varied  in  this  fpe- 
cies.  Some  fpecimens  are  as  tranfparent  as 
glafs  ;  frequently  they  are  femi-^tranfparent, 
and  fometimes  they  have  a  dull  white  opacity  j 
fome  are  yellowifli^  greenifh,  and  deep  green! 
The  latter  are  often  in  he^cahedral  prifins,  more 
or  lefs  thick,  very  regular,  and  refembling  the 
emerald  in  form.  I  have  met  with  fome  whicH 
contained  phofphate,  no  doubt  mixed  (imply 
with  the  carbonate  of  lead.  Pelletier  has  pointed 
out  in  the  black  ,colour  they  fuddeiily  affume, 
by  the  contaft  of  fulphuret  of  ammonia,  or  its 
vapours  when  they  are  reduced  into  powder,  a 
chara6ler  proper  to  diftinguifli  them  from  the 
fulphate  of  barites,  with  which  they  are  fon^e- 
timeis  confounded  on  account  of  their  form. 
The  canbonate  of  lead  is  very  abundant  among 
the  ores  of  this  metal.  It  ought,  however, 
to  be  confidered  as  well  as  all  the  preceding 
Iklts,  as  a  fecondary  ore,  formed  by  the  altera- 
tion of  the  fulphuret  of  lead,  and  tranfported  by 
water,  to  which  it  owes  its  cryftalline  form.  It 
is  particularly  found  in  Siberia,  Saxony,  Brifgaw, 
Styria,  Carinthia,  England,  and  particularly  in 
France,  in  Poullaouen,  Hiielget;,  and  Saint 
Mary-aux-mines,  &c. 

D.  Affay%  and  Metallurgiqal  Operations, 

21.  Thie  afi^y  of  lead  ores  is  one  of  the  moft 
fimple  and  eafy  ;    but  as  in  this  operation  there 
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are  two  obje6ls  fought,  namelyi  the  lea4  56  the 
prodiift,  and  the  filver  which  it  glmoft  always 
contains^  and  is  required  to  be  attended  to  oi^ 
account  of  its  priee^;  with  this  intention,  after 
pounding  and  waihing,  a  certain  quantity  of  the 
ore  is  well  fortcd,  and  roafied  in  a  covered  teft  to 
avoid  the  ^ofs  which  decrepitation  might  pro- 
duce. It  commonly  happens  that  the  fulphuret; 
of  lead  lofes  but  Httle  of  its  weight  by  roafUug. 
The  quantity  of  matter  volatilized,  is  deteripined 
by  accurate  weighing  after  the  operation,  and 
comparing  this  weight  with  its  original  quan- 
tity ;  the  remainder  ia  fufed  with  twice  its 
weight  of  black  flux,  or  borate,  mixed  with  ^ 
fmall  quantity  of  charcoal,  and  ^  fi?ia,ll  quafx-* 
tity  of  decrepitated  muriate  of  foda*  The  alkali 
or  flux  abforbs  the  fulphur ;  1;he  carbon  reduces 
the  oxided  portion  of  the  metal ;  and  the  fe?. 
fait,  by  covering  the  whole  n\afs,  ppppfes  the 
evaporation.  After  the  fufion,  the  button  q£ 
lead  which  occupies  the  bottom  of  th?  l.Ui^d 
crucible,  *is  weighed*  When  ^he  weight  of  this 
is  accurately  noted,  it  is  put  inito  a  cupelj  oi 
fmall  hollow  veffel  formed  of  calcined  hon^ ;  ^ 
fufficient  heat  is  given  nnder  a  mui3|e,  to  fub- 
lime,  oxide  and  vitrify  the  lea^^  wh^iph  in  this 
laft  ftate  paffes  through  the  pores  of  the  cii^pflt 
and  leaves  its  cavity  very  clear.  The  filver 
contained  in  the  lead,  which  is  neither  volatile 
nor  oxidable,  nor  vitrifiable  like  this  laft  metal^ 
remains  in  the  veffel  in  the  fprnp^  of  a  fi^llf 
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Irouhd,  brilliant,  pure^  metallic  globule,  which 
is  to  be  weio'hed  with  an  exaft  balance. 

22,  The  affay,  as  it  has  been  here  defcribed, 
is  very  far  from  beinjs^  an  exa6t  operation, 
though  it  is  moftly  fufficient  to  afford  the  firft 
notions  defired  refpefting-  the  orei  of  lead,  and 
though  it  is  almoft  always  from  the  refults  of 
this  aflay  that  works  in  the  large  way  are  un«* 
dertaken  and  conduftedj  it  is  neccflary  to  Ihow 
its  defefts,  becaufe  it  is  not  at  all  difficult  to 
fubftitute  ill  its  place  a  more  accurate  and 
certain  analyfis.  Chemifts  confider  this  opera- 
tion as  deceptive,  becaufe  the  alkali  ufually 
employed  as  a  flux,  forms  with  the  fulphur  of 
the  ore,  a  fulphuret  which  diffolves  a  portion  of 
the  oxide  of  lead,  and  thus  deprives  the  refult 
of  part  of  the  metallic  produft.  The  incon- 
venience is  lefs  with  borax,  which  I  have  re- 
commended ;  but  here  again  the  aflay  is  made 
with  an  expenfive  fubftance,  not  at  all  refem- 
bling  thofe  matters  which  may  be  employed  iii 
the  large  way,  and  it  may  give  falfe  notions 
with  regard  to  the  produ6l  to  be  obtained  in 
tliis  laft  method  :  it  is  therefore,  better,  inftead 
of  this  incorre6l  method,  by  fufion  in  the  dry 
way,  to  adopt  the  analyfis  of  the  lead  ores  in  the 
humid  method. 

23;  Bergnian,  in  his  diflertation  on  the  hu- 
mid analyfis^  has  given  procefles,  no  lefs  Ample 
than  exQ.&f  fov  analyzing  and  diflinguilhing 
the  different  fpecigs^  lead-ores.  If  it  be  found 
native^  siothiBg  more  is  required  l^an  to  al^ 
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certain  its  purity  by  the  nature  and  proportiotl 
of  its  alloys :  for  that  purpofe  he  advifes  that 
it  fhould  be  diffolved  in  the  nitric  acid.  If  the 
folvent  aflumes  a  green  colour,  it  denotes  the 
prefence  of  copper  :  the  addition  of  iron  will 
precipitate  this  metal,  and  afcertain  its  quantity- 
The  fulphurets  of  lead  are  to  be  treated  by  the 
fame  nitric  acid,  which  oxides  and  diiTolves  their 
metallic  portion,  and  feparates  the  fulphur : 
this  laft  material  muft  be  coUefted  on  a  filter, 
dried  and  weighed.  The  oxide  of  lead  i&  pre- 
cipitated by  carbonate  of  foda,  and  132  parts  of 
the  precipitate,  indicate  or  contain  100  of  lead. 
If  the  precipitate  be  mixed  with  oxide  of  filver, 
ammonia  diifolves  this  without  touching:  the 
carbonate  of  lead  :  1 29  parts  of  this  carbonate 
of  lilver  correfpond  with  100  parts  of  the  inetal. 
We  muft  here  remark  that  it  is  often  very  diffi- 
cult to  feparate  filver  from  lead  in  this  manner, 
on  account  of  the  very  fmall  quantity ;  and  that 
if  we  wiih  to  know  the  pro}>ortion  of  this  pre- 
cious metal,  it  is  indifpenfibly  neceflary  to  have 
recourfe  to  the  dry  way,  by  reducing  and  cupel- 
ling the  lead. 

The  muriatic  acid  maybe  ufed  inftead  of  the 
nitric,  in  treating  the  fulphuret  of  lead.  The 
muriate  of  lead  is  depofited  in  cryftals,  which 
are  to  be  diflblved  in  diftilled  water,  to  feparate 
the  fulphur  and  then  precipitate  the  lead  by  the 
carbonate  of  foda.  If  the  fulphuret  contain  an- 
timony, this  metal  remains  in  a  white  oxiije  at 
the  bottom  of  the  nitric  acid,  or  it  may  be  pre- 
cipitated 


->*' 


LEAD.  S5 

cipitated  by  pure  Avater  from  the  muriatic 
folution.  Though  it  feldom  happens,  according 
to  Bergman,  that  iron  ihould  exiii»  in  the  ful- 
phurets  of  lead,  yet,  if  it  be  prefent,  the  lead 
and  the  filver  may  be  firll  precipitated  from  the 
nitric  acid  by  iron ;  and  by  keeping  an  account 
of  the  quantity  of  this  laft  metal. employJed  for 
precipitation,  it  will  be  eafy  to  afcertain  the  pro- 
portion of  that  which  exifted  in  the  fulphuret,  af- 
ter precipitating  tfee  whole  by  -an  alkaline  pruf- 
fiate.  Bergma«  alfo  remarks,  that  if  tliere  be  a 
fmall  quantity  of  the  matrix,  in  the  lead  ore  which 
is  analyzed,  this  will  either  be  iufoluble,  as  filex, 
and  remain  unaltefe<:l  at  the  bottom  of  tlie  fol- 
vent,  jorit  willfoluble ;  and  in  that  -cafe  the  ore 
muft  firft  be  treated  by  the  acetous  acid  which 
^liflblves  calcareous  matter  when  prefent  In  the 
analyfis  of  the  fulphurets  by  the  humid  way, 
the  proportion  of  iead  is  alwaj^s  found  greater, 
and  fometimes  even  a  quarter  more  than  that 
which  is  obtained  b}'^  fufion  with  a  flux  :  a 
-new  proof  that  alkalis  diflfblve  and  carry  off  part 
of  the  lead. 

24*  With  regard  to  the  carbonates  and  phof- 
phates  of  lead,  Bergman  is  content  witli  point- 
ing out  the  folubilityof  the  former  in  the  nitric 
acid ;  and  the  tieatment  of  the  latter  by  the  fame 
acid  which  diffolyes  them ;  precipitation  of 
the  oxide  of  lead  by  the  fulphuric  acid, 
and  evaporation  of  the  fupernatant  tluid,  will 
leave  a  relidue  of  phofphoric  acid.  To  thli 
general  notion  I  ihall  add,  that  the  quantity  of 
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carbonic  acid  contained  ih  a  carbonate  of  lead, 
way  be  appreciated  cither  by  diftillation  in  a 
retort  of  ftoiierware  with  a  pneumaticorchemi- 
cal  apparatus,  or  elfe  by  colle6ling  this  acid  iu 
a  proper  apparatus,  in  proportion  as  the  ore  is 
diffolved  in  the  nitric  or  muriatic  acids.  The 
phofphates  may  be  treated  in  an  earthen  retort, 
after  having  mixed  them  with  a  fifth  or  fixth  of 
tbeir  weight  of  charcoal  in  fine  powden  By 
this  means  carbonic  acid  and  phofphorus  are 
ol:rtained;  and  metallic  lead  remains  in  the 
retort.  I  have  already  pointed  out  this  procefs 
as  prafticable  in  the  large  way  with  advantage, 
where  the  phofphates  of  lead  are  found.  I  fliall 
here  add,  that  fuch  an  eftablifliment  would  be 
of  little  expenfe  to  the  pofleiTors  of  the  mine* 
work^,  and  that  it  would  bring  into  the  market 
^t  a  low  price,  phofphorus,  which  is  aftually 
loft  in  the  treatment  of  thefe  ores,  and  is  ftill 
little  ufed,  becaufe  being  fcarce  and  expenfive 
we  are  little  difpofed  to  treat  it,  or  to  apply  it  in 
any  manner  to  the  neceffities  of  the  arts,  or  of 
common  life. 

25.  Bergman  has  not  fpoken  of  the  molyb- 
date  of  lead,  becaufe  it  had  neither  been  de- 
fcribed,  nor  was  known  at  the  period  when  he 
wrote  his  diflertation,  Mr.  Klaproth  has  given 
very  fimple  procelfes  for  analyzing  this  ore :  the 
muriatic  acid  decpmpofes  the  moly  bdate,  deprives 
it  of  thepxideof  lead,  and  feparates  the  molybdic 
adid  in  the  form  of  a  white  powder :  this  pow- 
der, heated  by  the  inteiior  flame  of  the  blow* 

pipe- 


pipe,  affutn^s  h  blue  colour,  which  renders 
it  eafy  to  be  known;  it  alfo  afTumes  this 
colour  by  tlie  contact  of  hot  fulphuric  acid. 
The  quantity  is  appreciated  l>y  diffolving  the 
molybdate  iti  ati  acid ;  when  the  oxide  of  lead 
remains  in  foiution,  and  llie  molybdic  acid  fe- 
parates  in  a  white  powder,  which  is  to  be  wafhcd 
And  weighed.  The  chromate,  fo  eafily  diftin* 
guiihed  by  its  poppy-red  colour  when  in  the 
folid  ndafs,  and  its  orange  yellow  when  in  pow* 
der,  may  be  very  accurately  analyzed  frbm 
the  experiments  of  Vauquelin,  who  difcoveredf 
it,  by  the  carbonate  of  pot-a(h  or  foda  *  car- 
i>onate  of  lead  in  white  powder,  remains,  of 
'Which  the  proportion  of  principles  is  know% 
and  the^  alkaline  f6lution  of  chroinate,  which 
tiows  above,  is  afterwards  to  be  precipitated  by 
the  muriatic  acid,  andealily  exhibits  the  quan« 
tity  of  chromic  acid.  Tlie  fulphate  of  lead  ik 
^aiily  analyzed  and  decompofed  by  heating  it 
in  a  clofe  apparatus  with  charcoal:  it  affords 
fulphureous  acid,  fulphtirated  hidrogen  gas,  and 
reduced  lead.  Hence  we  fee  that  nothiiig  fur-  . 
ther  is  to  be  wiflied  for  refpefting  the  analyfis  oE 
lead  ores. 

26.  The  treatment  of  the  ores  of  lead  in  the 
large  way  is  one  of  the  moft  important  of  tlie- 
tallurgical  operations,  and  one  of  thofe  which 
have  the  greateft^  as  well  as  moft  intimate  rektion 
with  the  knowledge  amtj  accurfeiJJe  proceffes  of 
chemiftry.  At  Pompean  they  work  a  fulphure* 
03JS  ore  of  le*d,  coataining  filVer,  by  pounding  it 
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in  the  ftamping  engine,  carefully  waihing  it  on 
platforms,  carrying  it  to  the  blaft-furnace;  where 
it  is  firft  roafted  by  a  gentle  heat,  and   after- 
w&i'ds  fufed  by  increafe  of  temperaturCi     The 
fufed   lead  is  drawn,  off  from  the  furnace  by 
opening  a  hole  on  one  of  the  fides  of  its  hearth, 
which  during  the  fufion  was  kept  clofed  with 
loam.     The  lead  is  firft  caft  into  pigs,   which 
are  called  work-lead,  becaufe  it  is  intended  to  be 
ufed  in  fubfequent  operations  to  feparate  the  filr 
ver  which  it  contains.  This  laft  procefs,  which  is 
the  moft  important  part,  is  generally  executed 
as  follows  ;  The  lead  is  carried  into  a  furnace 
different  from  the  former,  the  bottom  or  hearth 
pf  which  is   covered  with  aflies  well   wafliedj' 
fifted  and  rammed  down.    At  one  of  the  fides  of 
this  hearth  it  receives  the  twires  of  two  large  bel- 
lows placed  without  the  furnace,  moved  by  wa- 
tier,  and  oppofite  thefe  twijes  at  the  other  fide 
of  the  furnace,  two  gutters  are  made  for  the 
paflage  of  the  litharge.     The  heated  lead  in  fu- 
fion   becomes  oxided    at  its  furface    particu- 
larly, by  means  of  the  abundant  and  compreffed 
air  which  the  bellows  pour  over  it.     Part  of 
this  oxide  evaporates  by  fmall  chimneys,  which 
are  opened  above  the  paflage  of  the  litharge ; 
another  portion  is  abforbed  by  the  pulver^ilent 
bottom  of  the  furnace;  but  the  moft  confider- 
able   quantity   of  this   oxide,    being  ftrongly 
burned  and  vitrified,  aind  afterwards  cooled,  and 
condenfipd  by  the  air  which  immedialtely  ftvikes 
it,  is  driven  by  the  afliou  of  this  air  towards 
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the  channels  opened  oppofite  the  tvvires.  This 
laft  portion  is  called  litharge  ;  it  either  has  the 
form  of  fmall  reddifli  fcales,  brilliant  and  vitri- 
fied, and  is  then  called  merchantable  litharge, 
and  is  prefa'red  to  the  darker  coloured  litharge, 
called  litharge  of  gold.  That  portion  which  has 
undergone  the  ftrongeft  heat  is  moft  advanced  in 
its  vitrification,  and  of  which  the  colour  is 
pale  yellow,  is  diftinguifhed  by  the  name  of 
litharge  of  filver,  Argyrites;  laftly,  at  the  mo- 
ment when  the  furnace  is  moft  ftrongly  heated, 
this  oxide  being  more  completely  melted,  flows 
in  the  form  of  drops  or  ftalaclites,  and  is  called 
chilled  litharge.  When  air  the  lead  is  thus 
oxided  and  vitrified,  the  filver  remains  alone 
and  pure  at  the  bottom  of  the  furnace.  It  re- 
quires, as  I  fliall  obferve  in  the  hiftory  of  this 
precious  metal,  to  be  refined  in  order  to  ^xtraft 
a  fmall  portion  of  lead  which  ftill  remains  in  it. 
The  lead,  oxided  by  this  operation,  is  thea 
taken  and  fufed  ainidft  charcoal  in  a  large  fur- 
nace, where  it  becomes  reduced,  yielding  its 
oxigen  to  the  ignited  coal,  and  appears  again 
in  the  form  of  metallic  lead  at  the  bottom  of 
the  furnace ;  it  is  then  call  into  pigs  and  fold. 
The  other  ores  of  lead  which  are  not  the  ful- 
phurets,  and  do  not,  like  them,  contain  filver, 
are  treated  by  redu6liou  and  fufion  in  charcoal  j 
and  the  phofphates,  by  this  method  of  decom- 
pofition,  exhibit  the  phofphoric  flame,  which 
rifes  above  the  furnaces,  and  is  eafily  diftin- 
guiflied  by  its  colour  audita  odour. 

E.  Oxlda-r 
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E.    Oxidability  by  the  Air  and  by  Fire. 

27.  Lead  expofed  to  the  air  becomes  fpeedily 
tamiihcd,  foon  lofes  the  flighf  brilliancy  which 
chara6lerizes  it,  becomes  of  a  dirty  grey  e<dour» 
and  afterwards  of  a  light  grey,  which  coiiiii* 
tutes  a  true  ruft  at  its  furface.  It  is  foon  per* 
ceived  that  it  is  more  changeable  by  cold  ait 
than  tin  ;  for  while  this  laft  metal  exhibits  only 
a  very  fuperficial  (Iratum^  a  flight  tamiih  which 
always  leaves  its  metallic  colour  apparent^  tb6 
other  metal  exhibits  a  deeper  oxidation,  and 
becomes  covered  with  a  thick  ftratutai  of  oxide 
that  gradually  increafes  and  rifes  up  in  a  kind 
of  fcales  from  the  lead  which  it  covers,  and  at 
length  penetrates  through  the  whole  mafs  of 
lead  when  the  thicknefs  is  but  flight.  Never- 
thelefs,  the  maximum  of  its  alteration  is  long 
in  taking  place,  and  the  internal  part  of  the 
flieets  of  this  metal  is  long  defended  by  the 
flight  ftratum  of  oxide  which  is  produced  at  its 
furface.  Alchemifts  have  pretended  that  by 
long  expofure  to  the  air  lead  is  changed  into 
iilver.  This  error  arifes  from  the  lead,  employed 
four  or  five  hundred  years  ago  in  the  covering 
of  buildings  not  haying  been  well  purified, 
and  the  filver  which  was  left  refifting  the  air, 
while  the  lead  was  gradually  deftroyed,  deceived 
them  becaufe  they  were  not  acquainted  with 
the  primitive  Jiature  of  this  filver-bearing  lead. 

28.  When 
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28.  When  lead  is  fufed  in  conta6l  with  the 
atmofphere,  a  pellicle  of  many  colours  is 
formed  at  its  furface,  of  which  the  golden  yellow 
ihade  predominates  oyer  the  others,  and  foon 
gives  place  to  a  uniform  deq)  grey.  If  this  firft 
pellicle  be  taken  off,  which  does  not  adhere  to 
the  metal  beneath,  a  fecond  is  formed,  and  ia 
this  manner  the  whole  of  any  given  quantity 
of  lead  may  be  converted  into  pellicles  by 
renewing  the  furface  expofed  to  the  air.  Thefe 
pellicles  being  afterwards  heated  and  agitated 
in  conta£l  with  the  atmofphere,  become  con* 
verted  into  a  greyifti  powder,  often  mixed  with 
yellow  or  flightly  greeniih  particles.  This  is 
the  grey  oxide  of  lead,  or  the  firft  ftate  of  oxi- 
dation, which  this  metal  is  capable  of  fuftaining. 
It  is  eafy  to  reduce,  though  not  fpontaneoufly 
or  a^one,  but  by  the  affiftance  of  hidrogen 
and  carbon,,  at  the  temperature  of  ignition. 

29.  We  muft  remark,  that  if  lead  bp  heated 
much  above  the  temperature  neceffary  to  fufe 
it,  abd  to  produce  the  fimplc  oxidation  Ihave 
mentioned,  it  rifes  in  vapour  in  the  air,  and 
burns  .more  rapidly,  emits  a  white  or  yellowiih 
fume,  of  a  peculiar  fmell,  which  becomes  con- 
denfed  in  a  grey  yello\V'  oxide  upon  cold  bodies, 
and  which  fome  authors  have  denominated 
flowers  of  lead.  This  volatilization  of  fufed 
lead,  and  the  oxidation  it  undergoes  in  the  air, 
are  tha  caufes  of  the  dangerous  effects  it 
produces  on  thofe  who  work  on  this  metal, 
or  are  expofed  to  its  vapors.  The  mere  pow- 
der of  lead,  and  its  oxides,  transported  by  tha 
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air,  either  by  working  the  lead  itfelf,  by  fcrap* 
ing  or  filing  it,  under  different  circuniftances 
in  which  its  oxide*  becomes  diffufed  in  the  at- 
mofphere,  even  with  otlier  vapours,  fuch  as  that 
of  vohitile  oils^  produces  the  fame  affedions  in 
thofe  who  receive  it  by  the  mouth,  by  the  lungs, 
or  by  the  {kin. 

30.  The  grey  oxide 'of  iead,  when  ftrongly, 
and  for  a  continuance  of  time,  heated  Avith  thd 
contact  of  arr,  foon  becomes  yellow  by  a  new 
abforption  of  oxigen.  In  this  ftate  of  yellow 
oxide  it  is  called  majjicot  in  the  arts ;  it  appears 
that  it  contains  from  fix  to  nine  parts  of  oxigen 
in  the  hundred  parts.  It  is  diftinguiflied  into 
two  kinds,  in  commerce,  on  account  of  its  co-^ 
lour ;  the  one  is  called  white  majjicot^  and  the 
other ^e/Zott;  mofficot.  It  is  a  pigment  of  a  duU 
hue,  Avithout  any  beauty,  fometimes  inclining  to 
green,  which  neverthelefs  is  prepared  in  the 
large  way  in  certain  manufa^ories,  on  account 
of  the  ufes  to  which  it  is  appHed  in  the  arts. 
The  method  of  producing  it  confifts  fimply  in 
perpetually  agitating  the  lead  with  the  contaft 
of  the  air,  without  ufing  a  violeiit  heat,  which 
would  afford  another  refult  prefently  to'be  men- 
tioned. The  yellow  oxide  of  lead  is  produced 
with  much  greater  fuecefs  in  the  large  way  than 
in  the  fmall  operations  of  the  chemical  labora- 
tories. 

31.  There  is  a  third  ftate  of  the  oxidation 
of  lead,  namely,  that  in  which  it  affumes  a 
beautiful  fiery  red,  more  or  lefs  inclined  to 
oranjje,  which  iB  called  ;;j/;?/w7W  in  the  a^ts,  and 
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the  reel  oxide  of  lead  in  the  methodical  nomen- 
clature. Whenever  lead  is  heated  for  a  long 
time  in  laboratories  without  ufing  a  heat  cap- 
able of  vitrifying  the  grey  oxide  of  lead,  it  be- 
comes totally  changed  into  a  red  powder;  but 
the  oxide  is  never  by  this  treatment  rendered 
entirely  red,  nor  of  a  fine  colour :  it  is  even  a 
fort  of  fecret  or  delicate  operation  which  de- 
mands a  careful  and  experienced  manipulation^ 
which  is  known  in  the  preparation  of  this  oxide 
in  certain  manufaftories.  Some  years  ago,  the 
red  oxide  of  lead  was  fabricated  only  in  England 
and  in  Holland;  at  prefent  there  are  feveral 
eftablilhments  in  France,  where  this  preparation 
is  made  equal  in  beauty  to  that  from  foreign 
countries.  In  a  kind  of  reverberatory  furnace  in 
which  lead  is  melted,  the  heat  is  urged  till  the 
mafs  becomes  a  cherry-red  colour.  The  lead  is 
perpetually  agitated,  by  drawing  theoxided  part 
towards  the  fides,  and  the  quantity  of  air  ne- 
ceffary  to  this  oxidation  is  fuffered  to  enter  by 
the  openings,  which  ferve  to  admit  wood  or 
coal.  The  firft  oxidation  lafts  four  or  five  hours. 
By  leaving  it  for  twenty-four  hours,  draM'ing  it 
out  of  the  furnace,  and  fuftering  it  to  cool  in 
the  air,  and  by  throwing  a  fmall  quantity  of 
water  upon  it,  and  {lining  it  up,  the  true  maffi- 
cot  is  obtained,  according  to  the  defcription 
given  by  Jars,  in  the  Memoirs  of  the  French 
Academy  for  1770,  which  is  afterwards  ground 
in  a  mill  and  diffuled  in  water,  in  order  tp- 
have  a  fine  powder  of  equal  quaUty,  .,Tbl^  yel-. 
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low  oxide  or  mafiicot  being  again  treated  in  the 
re verberatory  furnace  for  thirty-fix  hours,  affords 
a  red  oxide  or  minium,  after  having  been  ex- 
pofed  in  an  elevated  mafs,  flattened  at  the  top, 
and  opened  crofs-wife.  It  appears  that  the  art 
of  manufacturing  this  laft  oxide,  particularly 
that  of  obtaining  a  fine  brilliant  red  colour, 
confifts  in  leaving  it  when  at  the  cherry-red 
heat,  in  the  furnace  to  cool  very  flbwly,  by 
clofing  all  the  aperturies  very  carefully,  and  that 
this  priaftice  has  for  its'  object,  that  the  oxide 
fliall  receive  only  a  certain  dofe  of  oxigen;  for 
I  have  feen,  in  a  valuable  manufactory  at  Paris, 
this  oxide  taken  very  hot  out  of  the  furnace 
of  a  very  rich  red  colour,  become  Angularly 
pale  in  the  air,  and  of  a  browniih  or  almoft 
fawn-colour,  not  at  all  brilliant,  whereas  it  pfe- 
ferves  its  orange  fliade,  when  it  was  fufFered  to 
cool  in  the  furnace  hermetically  clofed. 

32.  The  red  oxide  of  lead  varies  more  or  lefs 
in  its  colour  from  the  very  bright  light  orange, 
fo  much  extolled  in  fome  of  the  arts,  to  the  al- 
moft  deep  cherry-red.  There  are  as  great  a  va- 
riety of  fhades  as  manufactories.  It  is  com- 
monly eftimated  that  this  oxide  increafes  in 
weight  ten  per  cent,  and  that  in  this  manner  one 
hundred  parts  of  lead  afford  one  hundred  and  ten 
of  minium.  Neverthelefs  authors  vary  refpeCt* 
hig  the  quantity  of  this  augmentation  of  lead. 
Some  admit  fifteen  per  cent,  others  carry  it  to 
twenty  per  cent  Wallerius  and  Wafferberg  have  ' 
adopted  this  laft  datum  after  their  own   ob-* 
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fervatioBS  and  experiments.  However,  though 
this  augmentation  appears  to  be  fo  much  the 
greater,  as  the  operation  has  been  more  per- 
f<56lly  made,  and  particularly  the  flower  it  is 
perfttfmed,  it  is  acknowledged  after  the  laft  ex- 
periments of  Citizen  Vauquelin,  that  the  moft 
conflant  proportion  of  oxigen  in  red  lead  is 
^inc  p^rts  in  the  hundred.  This  oxide  is  partly 
reducible  in -a  retort,  and  affords  a  fmall  quan- 
tity of  oxigen  gas ;  but  there  is  not  the  flighteft 
portion  which  paffes  to  th^  metallic  ftate ;  it  is 
very  probable  that  this  portion  is  not  in  the 
f^mi^  ftate  as  the  reft  of  the  oxide :  it  may  be 
reduced  completely  by  various  methods  w^hich  I 
ft.all  proceed  to  defcribe. 

33;.  The  yellow  oxide,  and  the  red  oxide  of 
leadj  firongly  heated,  flow  and  become  vitri- 
fied with  great  facility.  Of  all  the  metallic 
oi^ides  thefe  undergo  this  remarkable  change 
moft  fpe^dily  and  with  the  moft  energy.  It  is 
prob2^ble  that  the  glafs  of  lead  is  ft  ill  more  ox- 
ided  than  the  red  lead,  fince  this  laft,  when 
expofed  hot  to  the  air,  changes  its  colour,  pafles 
to  the  fatfte  yellow  colour  it  has  when  it  has 
beeu  vitrified.  This  vitreousi  oxide  is  at  the 
faxn,^  time  the  ftrongeft  flux  an.d  the  moft  pow- 
erful yitrifier  that  we  are  acquainted  with.  No 
veljel  can  refift  it ;  it  paljes  through  them  all  in 
the  iax3^  man,ner  as  water  pafies,  through  paper, 
l^ojtt  r^iji^rked^that  this  fufedl  glafs  carmot  be 
kepi  for  xfiOVG  tjian  three  qiia^arteys  of  an  hour  in 
ite  iq^ijE^lid;??^  i^fti  reft^^ory  cmcible;  and 
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Macquer  obferved  on  this  fubje6l^  that  it  if 
iinpoflible  for  this  reafon  to  have  the  glafs  of 
lead  in  a  very  pure  ftate.  Chemifts  have  ufed 
great  endeavours  to  difcover  conipofitions  of 
of  earth  capable  of  refilling  it ;  and  though  they 
have  not  refolved  this  kind  of  problem,  becaufe 
there  is  no  earth  which  is  capable  of  obftinately 
refifting  the  oxide,  they  have  neverthelefs  ap- 
proached confiderably  to  the  folution  of  their 
queftion.  Hard  porcelain  which  has  been 
ftrongly  baked,  fuch  as  that  of  Sevres,  is  the 
fubftance,  which  at  the  fame  time  tliat  it  refills 
the  moft,  is  the  moft  difficultly  a6led  upon  or 
perforated  by  this  violent  and  powerful  flux. 

34.  The  oxidation  of  lead  has  in  all  times 
been  one  of  thofe  phenomena,  which,  on  ac- 
count of  the  augmentation  of  weight  in  the  me- 
t^l  has  ftrongly  occupied  the  meditations  of  che- 
mifts, philofophers,  and  phyficians.  Its  hiftory 
is  in  a  certain  degree  connefted  with  the  ad- 
vancement and  progrefs  of  the  human  mind* 
After  the  fruitlefs  attempts  of  Cardan,  Scaliger, 
and  a  number  of  men  of  great  merit,  to  explain 
it,  John  Rey  was  the  firft  who  fufpefted  the 
caufe,  though  for  more  than  a  century  and  a 
half  after  him,  and  notwithftanding  the  inge- 
nious machines  of  natural  philofophy,  con- 
ftru6led  fmce  the  middle  of  the  feventeenth  cen- 
tury, to  the  two  firft  third  portions  of  the  eigh« 
teenth,  it  ftill  efcaped^the  refearch  and  the 
fagacity  of  Newton,  Boyle,  Mayow,  Hales, 
Stahl,   Boerhaave,  and  all  the  philofophers.    It 
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wai  refet^ved  for  Lavoifier,  as  we  have  feen,  to 
coiivei't  thie  fufpicion  of  John  Rey  into  certainty 
with  regard  to  the  oxidation  of  lead,  and  to 
prove  thatrthis  augmentation  of  weight  is  owing 
to  the  principle  of  the  air  which  is  fixed  in  the 
metal.  Haice,  therefore,  arifes  that  increafe  of 
weight  in  the  lead  by  means  of  the  air,  which  ha* 
become  one  of  the  firft  ami  moft  beautiful  fads  of 
the  pneumatic  doftrine,  and  one  of  thofe  which 
has  ferved  to  efiabliih  the  firft  foundation  of  that 
theory. 


F.  Union  with  Combufiihies,  ' 

:  ... 

35.  Lead  combines  with  moft  combuftible 
fubftances :  but  we  are  not  acquainted  with  any 
combination  with  azote,  hidrogen,  and  carbon. 
Thefe  two  lali  bodies  aft  on  its  oxides  by  heat, 
fo  as  to  reduce  them  by  depriving  them  of 
oxigen.  Water  and  carbonic  acid  are  formed ; 
the  oxide  repaffes  to  the  metallic  ftate.  The 
reduftion  is  effeded  in  the  cold  in  the  courfe  of 
time,  by  theconta6b  of  hidrogen  gas:  It  muft 
be*  noted  that  there  is  no  metallic  oxide  more 
eafily  and  more,  completely  reducible  thatl 
thofe  of  lead ;  which  fliows  the  (light  adherence 
of  this  metal  with  oxigen. 

36.  The  union  of  lead  with  phofphorus,  has 
beeii  examined  by  Pelletier:  he  obtained  it 
cither  by  throwing  phofphorus  upon  lead  fufed 
in  a  crucible,  or  by  diftilling  phofphorus  with 
''  Vol.  VL  H  lead 
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lead  in  a  retort.  The  phofphuret  bf  lead  is  of 
a  bluifti  fil very  white ;  it  is  capable 'of  being 
cut  with  a  knife.  Its  .ftruftute  is  lamellat^d'J 
and  when  it  is  (Iruck  upon  the  ileel,  it  feparate$ 
into  plates.  Above  it  in  the  cruCibte,  wherein 
it  is  prepared,  is  found :  a  white -nfilky  glafs 
formed  by  tbeunionof  the  jihofphoric  acid  and 
the  oxide  of  kadw!  t  The  phofphuret' of  lead 
fpecdily  tarnifhes  in  , the  air.  ;^  -.When*  heated 
with  theiblow-fpipe,  the  phoiphorus  buipns  at  the 
furface  of  the  button,  which  fpeedily -fuftt^ 
and  the  lead  does  not  become  oxided  but  very 
flowly.  The  fufion  obtained  in  a  crucible,  is 
incomplete  a^d  p^lfy,  Co  that  ^t  is  fomewhat 
lefs  fufible  than  the  two  bodies  which  compofe 
it  are  feparately.  IP!^^Dg  this  fufipn,  ja  fjn[iall 
quantity  pf  pf)p%liorus.  is  ahfs^ysj  dif^ngaged^ 
which  bi|ruj5  ^t^tlie  furface  w^tlvJfhjie.jjPam^v^he 
white  foioke  p^^ij^^the- odour,  wJiicl|.phar*6|teTJOT 
that  ful)ftance.  The^phofpUoru^aj.. according  to 
Pelletier,  is  cpnt^in^d  in»  the  ,  pr^ortiqn ;  of 
from  0,12,  to 0,15..  o:  ,  I-:      '..;. 

37*  Sulphur^,  reaclily -unites  >5fitk  L^a/d.  TIh^ 
combiitatioi;!.  w^s^^ot  L^nknpwUrtq  ^}|f  anjcieots^ 
fince  it.isde(^ri;bed,i,n  Dipfcorides^r  ^It  h93.1oiig 
been  called;  bumed-lead,,  pki^pum,,  ujiunk 
I)iQfcori4e6 1  prepaied  jt  by  :^r/atifying  .plfite^ 
of  lead  in  an  earthen  veffe];  wuthfiilphur,  f€ftting 
this  on  fire,  .ancl  aftef.wa^rds  a,gitavting  the  whole 
with  .  an .  .iron , .  rod^^ . ;  r  ^^rom  th  is  opRr^tj;€xn  the 
refult  muft  be.ei|lapr..a  fulphate  .pr j^liilpjiite  of 
lead.     The  true  arrlificial^  fulpliuret  <;>f  lead  14 
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formed  either  by  heating  lead  -atid  lulphiir 
mixed  together  in  a  crucible,  or  by  throwing^ 
fulphur  upon  melted  lead  in  the  fame  veffeK 
In  either  operation  the  produ6l  is  a  black, 
brilliant  fubllance,  much  more  difficult  to  fufe 
than  lead  and  fulphur  feparately,  having  a 
fibrous  or  filamentous  ftriated  texture  within^ 
very  brittle,  and  refembling  in  a  certain  degree 
in  it$  colour  the  native  fulphuret  of  this  metal, 
or  galena.  Juncker  and  Wallerius  advifed  five 
parts  of  granulated  lead,  and  two  parts  of  fuP 
phuT  in  powder,  to  be  taken  for  this  compound; 
Citizen  Baum6  prefcribes  two  or  three  parts  of 
lead,  ^nd  one  of  fulphur:  this  factitious  ful- 
phuret has  abfolutely  the  fame  habitudes  as  thd 
natural  fulphuret  with  chemical  agents. 

38.  The  union  of  the  oxides  of  lead  with  ful- 
phur is^  not  known  ;  their ,  exiftence  is  evfeft 
doubted,  becaufe  when  thefe  two  bodies  are 
heated  together,  the  oxide  feems  to  be  reduced', 
and  approach  to  the  metallic  ftate,  and  the  ful- 
phur feizes  its  oxigen  ;  fo  that  it  foon  fortns  a 
compound,  which  is  a  true  fulphuret  of  lead ; 
becaufe  the  fame  redu6lion  takes  place  wheil 
fulphurated  hidrogen  gas,  and  a  white,  yellow*^ 
or  red  oxide  of  lead,  are  put  into  contaft. 
Thefe  oxides  immediately  become  dark*colour- 
ed,  and  the  water  charged  with  fulphurated 
oxigen  lofes  its  fmell  and  properties.  From  this 
very  powerful  aftion  I  have  admitted  the  ufe  oY* 
the  oxide  of  red  lead  to  decompofe  ftilphureouli 
waters,  and  to  afcertain  the  quantity  of  fuTplitf- 
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rated  hidrogen  they  contain,  by  the  examination 
i)f  the  fulphuret,  or  perhaps  the  hidro-fulphuret 
of  lead  which  they  afford  with  this  oxide. 

39.  Lead  is  capable  of  uniting  with  a  great 
;iiumber  of  metallic  fubftances.        Juncker  i» 
'Content  to  fay,  that  lead  heated  with  the  oxide 
6f  arfenic  is  partly  volatilized  and  partly  fufed 
into  a  glafs  of  the  colour  of  hyacinth.  Wallerius^ 
vrho  alfo  fpeaks  of  the  hyacinth-coloured  vi- 
trification in  a  like   combination   made  with 
metallic  arfenic,  adds,   that  part  of  the  lead 
retains  the  metallic  form,  but  becomes  brittle 
ai^  fhining  in  its  frafture,  and  that  the  vitrified 
oxide  of  lead,    aflumes,  when  fufed  with  the 
oxide  of  arfenic,   a  red  colour.      Thefe  fafts 
which  feem  to  have  been  forgotten  by  moft  of 
the  modern  fyftematical  writers,  in  whofe  works 
we  find  that  no  union  takes  place  between  thbfe 
two    metals,     prove  nevertnelefs   that  arfenic 
really  combines  with  lead  j   that  the  refult  of 
this  combination   is  a  lamellated   and   brittle 
alloy;    that  the  lead  ihares  with  the  oxide  of 
arfenic  part  of  its  oxigen  ;  and  that  when  thefe 
two  oxided  metals  are  united  by  vitrification, 
there  alfo  is-  eftabliflied  between  tlieni  an  equi- 
librium of  oxidation  of  which  I  have  already 
fpoken  feveral  times  j    and  which  changes  the 
colour  with  all   the  other  properties*      Irhe 
theory  of  fcience  ought  to  confider  this  eflfed 
which  prefents  a  great  number  of  applications^ 
to  the  arts  of  glafs-^making,  enamelling,  making 
of  porcelain,  and  thej^cparation  of  colours. 

40.  The 
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40.  The  combination  of  lead  with  tungfien, 
inolybdena,    chrome,    titanium,   uranium,   and 
manganefe,    have    not    yet    been   treated   of. 
Thefe  metals,  ftill  fo  new  and  fo  little  known  as 
to  their  relation  with  the  other  metals,  moft  of 
them  being  fo  difficult  to  treat,  and  particular* 
ly  having  been  hitherto  obtained  by  chemifts 
in  fo  fmall  a  quantity,  have  fcarcely  at  all  been 
alloyed  together,  or  with  thofe  whiqh  preceded 
their  difcovery.      It  is  neverthelefs  of  great  ufe 
in  the  proper  ftudy  of  metals  to  examine  theiy 
various  alloys,    becaufe   it  has  already   been 
fhowri  that  one  of  the  principal  means  of  afcer? 
taining  their  differences,  and  determining  their 
ij)ecific  charafters  confifts  in  their  union  with 
other  metallic    matters.      In  the  ftill  fcanty 
number  of  fa6ls  collefted  refpefting  their  alloys, 
few  attempts  have  been  made  to  alloy  them 
with  lead,    becaufe  no  expectations  of  utility 
were  built  upon  the  probable  refult  of  this  coiut 
bination. 

4i«  Accorcfing  to  Gellert,  cobalt  has  but 
littie  attfa&jon  for  lead.  When  thefe  two 
metals  are  melted  together  in  equal  proportion^ 
in  a  crucible,  the  cold  mafs  is  found  to  be  fepa-n 
rated  into  t'^o  portions;  the  one  which  is 
heavier  occupying  the  lower  fpace,  and  the 
other,  which  is  lighter,  being  placed  uppermoft^ 
and  (lightly  adhering  to  the  former.  It  might 
therefore  be  imagined  that  there  is  no  union  be* 
tween  thefe  two    metals:     neverthelefs  when 
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with  iron,  which  has  a  ftronger  attraaion  for  it, 
a  fmall  portion  of  lead  is  feparated  at  the  bottom 
of  the  crucible,  which  proves  that  the  cobalt 
had  taken  a  portion  in  the  firft  fufion.  Citizen 
Paume  affirms,  that  he  did  not  find  lead  in  co« 
bait  treated  with  that  metal.  This  laft,  accord* 
ing  to  him,  does  not  deprive  cobalt  of  fulphur : 
when  equal  parts  of  fulphuret  of  cobalt  and  of 
lead  are  cupelled,  the  former  remained  in  the 
form  of  black  powder  on  the  cupjel,  which  the 
pure  colourlefs  glafs  of  lead  had  penetrated* 
WalLerius  alfo  affirms,  that  thofe  two  metals 
contraft  no  union  together. 

42*  Cronftedt  found  that  nickel  united  but 
with  difficulty  to  lead,  and  that  the  refult  was  an 
alloy  of  a  dirty  grey  colour,  with  little  brilliancyi 
lamellatcd  and  brittle.  Wafferberg,  on  this 
head,  reproaches  Citizen  Baum6  for  having  af- 
firmed that  Cronftedt  had  afferted  nothing  of 
this  kind  refpefting  thefe  two  metals  in  thp  me-^ 
tallic  ftate,  and  that  he  had  fpoken  only  of  their 
mutual  vitrification.  But  an  examination  of 
the  writings  of  Citizen  Baum6,  and  the  coinpa* 
rative  hiftpry  of  the  progrefs  of  fcience  apiong 
thofe  who  have  cultivated  it  for  the  laft  forty 
years,  wquld  have  eafily  fhe  wn  him  that  the  French 
chemift  has  fcarcely  ever  fpoken  but  from  bis  own 
experiments ;  that  he  every  where  boafts  of  haying 
done  more  than  he,  and  on  this  head  there  is  no 
doubt  that  every  thing  which  he  did  not  or 
could  pQt  dO|  was  confidered  by  him  as  not 
done.    It  is  however  certain,  as  Wafferberg  re- 
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lates,  that  CronQ^tll,  in  his  examination  of  nic- 
kel has  poflitively  affirmed,  that  it  tiaites  to  all 
the  metals  except  mercury  and  filverl 

43.    Mufchenbroeck   made  experiments    at 
feme  length,  on  the  alloy  of  lead  with  bifmuth. 
JSe  obferved,   that  the  latter  gives  to  ^  lead  a 
remarkable   degree  of    firmnefs  and  tenacity 
when  the  two  metals  are  in- ei^ual  quantity:    a 
given  mafe  of  thi3  alloy  in  ei|^^l  parts,  Tup* 
ported  a  weight  of  207  pounds  ;  a  like  mafs  of 
the  alloy  of  three  parts  of  leid  and  tM'6  of  bif- 
Wiiithr  fiqpported  890  ;  thai:  of  three  parts  of  hif^ 
BiVifbhtbnd  ttm  of  le»d  147.     He  concluded  that 
btfrniith  appeared  to  a^  as  a  gluteii  in  the  leieLd, 
of-  which  if-  cauifej^  the   parts'  to  adhere  'lirore 
ftroBglyi  /fjelUrt  foUttd  in  this  alloy  at  ^^eater 
fpecific  gravity  than  the  mean  derived  fmm  the 
fpeeifid^  gravities  of  the  two  fepftiratt  inetaH. 
Wallerlus  drfcribes  it  as  of  a  dark  grey  Colour, 
iather  do?fl51e  in' equal  parts;    and  he  6bfertt?s, 
that  theibifmuth  feparates  during  its  union  with 
thedead  in  more  abundance  in  Icoria,  even  than 
wheii  lead  is*  mixed  with  tih.  -  Gitiizen^  Baain^6 
obtained  from  equal  parts  of  bifniuth  ahd  lead, 
a  metal  hdwder  than  the  ledd,  confiderabTv  tnal- 
leafole,  '.  and '  refembling  the  pureft  fteel '  in  its 
colours  •  One  part  of  leadartd  two^f  bifmuth 
aiiofded^him  a  liiore  brittle  harder  alloy,  coatfe- 
gfaftnedin'its-tekture;  arid  Mrliitief  than  the  fore- 
goilig*  >  TW6'parb«oflead  alliJyed  with  fix  part's 
of  biim*Mshi  bird  htrtf  apdijilef  stfitlmoriy,  kfifbrdcd 
hirff  a.veiy  hard  bet-al,   not  -ftt  aircoiripreflible 
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by  the  hammer,  formed  of  fmall  clofe  grains, 
and  of  a  filvery  whitenefs. 

44.  The  fame  authors  have  examined  the  al- 
loy of  lead  and  of  antimony,      Mufchenbroeck 
found  this  alloy  to  be  very  tenacious,  when  the  lead 
was  united  to  one  eighth  part  of  its  weight  of  an- 
timony.   A  mafs  of  this  alloy  fupported  a  weight 
of  260  pouuds,.  while  a  like  mafs  of  lead  or  of 
antimony  would  not  have  fupported  more  than 
thirty,      .When  united  in  equal  parts,   the  te- 
nacity is  very  little^  and  the  mixture  is  brittle. 
Mufchenbroeck  concludes  fjrom  this ;  property, 
that  nature  obferves,  or  rather  has  eilabliihed,  s 
minimum  and:  maximum,    or  conftant .  limits; 
Qellert  afcertained  that  this  alby  has  a-  greater 
fpecific  gravity. than  that  afforded  by  the  pro>t 
portion  of  the  two  metals  united.      Wallerius 
has  announced,  that  when  compofed  of  equal 
parts,,  its  colour  is  dull  and  it  is  brittle  ;  Citizen 
Baum6  aflirms,  that  it  has  brilliant  facets,  and 
he  has  alfo  defcribed  other  alloys  in  different 
dofes.     Two  parts  of  lead  with  one  part  of  anti- 
pony,  afforded  him  a  brittle  tarnifbed  metal  in 
imall  grains,  (iipilar  to  thofe  of  iron  ;  four  parti 
of  lead  and  one  of  ^.ntimony,  an  alloy  rather 
piore  ductile  and  coarfc  grained  ;  four  parts  of 
lead  with  half  a  part  of  antimony,  a  fofi  metal, 
very  fine  grained,  like  fteel,  and  of  the  fame 
colour.    .  Lead  has  b^fides,   like  many  other 
metals,  if  we  except  gold  and  platina,  the  pro* 
perty  of  feparatirig  fulphur  from  antimony,  and 
decompofing  its  fulplmret ;    the  antimony  tbui 
obtained,  retains  a  fmall  portion  of  lead. 

45.  Mercury 
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45.  Mercury  unites  with  lead  with  much  fa-' 
ciHty,  and  in  all  proportions.    Mere  trituration 
©f mercury  with leadin  rafpings,  is  fuffiqient to 
form  the  combination.    If  the  mercury  be  heated 
and  poured  upon  melted  lead^  the  combination 
fucceeds  ftill  better.     In  this  manner,  an  amal- 
gam is  obtained)  w*hich  varies  in  its  folidity ac- 
cording* '  to  the  prbportion  of  the  two  alloyed 
mtetals.     It  is  ^<rhit*,  chang;iable  by  the  conta€fc 
ofair,  affords  cryftals  by  well-manage^  ^cooling; 
iofes  the  mercury  by  a  ftrong  heat,  tod  fuflfers  9; 
blackiih^  powder  of  oxide  of  lead  ta  ieparatR 
when  it  is  ground  with  water ;    it  has  the  fin- 
gular  property  of  becoming  very  liquid,   when 
triturated  with  the  amalgam  of  bifmuth.     This 
phenomenon  induced  Citizen  Baum^  to  make 
inquiries  i;efpeding  the  fophiftication  of  mer^ 
cury.     After  having  melted  in  an  iron  veflH 
equal    parts   of  lead    ami    bifmuth,    running 
mercury^  was  added,  with  heat,  in  afufficient 
quantity  to  amount^  to  the  half  of  the  whole 
mafs. '    This  mixture  was  agitated  till  it  cooled ; 
by  this  means  a  fluid  amalgam  was  obtained, 
which  did  not  congeal  by  the  air  or  by  repofc^ 
and  paffed  almoil  entirely  through  leather  like 
mercury  alone.     A  part  of  the  bifmuth  fepa- 
uates  in  grey  powder  at  the  furface  of  the  mer- 
cury;  but  the?  lead  remains  intimately  com- 
bined«     The  jihenomenbn  of  this  liquidity  is 
not  fo  difficult  to  be  underftood  as  Citizen 
Baum^  imagined ;  it  depends  on  the  lead,  the 
bifmnithf  an^'the  mercury,  acquiring  in  their 
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xputual .  CQifohyfi^if^ion  ■  ^  grp^H^^  .capacity  *for  ca^ 
IpriQ, .  thaiji  they  had  .fepav^tely  ,o^  ;lli^Hed  two 
and  two:} win  con{ex^}f^t\q^rof:  wlj^cl;^  tliey  abfoib 
Hioi;e  of  this^principlej  and  reinaiflLin  a,  ft  ate  of 
liqiiidit^^,  .which  they  would  not  havesaifuroed  ia 
tbgjU;  feparatp.f^aljf,;  fifhii  fophiftication  of  m^r^ 
cury  may  .be  afcert^nedf|)y.>^^^  ip^qific  gra^ 
Tjity  oj^  the  allqy  €oipparcdj,with,pureimeriCUfyj 
md  alfp.becsi^fe,:;^i?h^n,t^  i^  made  to 

run  in  a  fraall.  quaatity  over  a  plate  jof^iearthen 
^aFe,-each  globule  leaves  a  tail  l^hind  it,  ^a&id  hat 
ailat  ap^pearancCj  inftead  of  beingli'ouBdjbrXphis* 
tical./; When*, the  mi^rcury  of  this  amalgam  is 
carried  oflT  by  tbe  ajftion-  offbeat,  .the  lead  fC* 
mains  in;the=  form  of  a  yellowiih  oxide,  wfaich 
Cian  np  Jo|]^ge¥>:^ontionie  united  with  .the  liqui4 
met^l. .  Many  43heniifts  affirm,  that  mercaryiv  ex» 
ppfed  in.  a,  piece  of  linen  to  the  vapour  of  fiifed 
leadj . becomes  folid,  or  fixes:  the  moft  accurate 
experiments  have  merely  ihpwn^thafcitlofes  part 
of  its  fluidity;  ;    J  ,•         •  •'• 

. ;  46*  Walleriu;^  has  defcribed  the  properties  of 
the.avHoy  of.lQadvWith;  zimi?  in  eq«iHli  patts  vof 
ea(Qj3w  According!  to »him^  this  alloy  i is  harder 
than :  lead,!  iwhiter; '  and:  perceptibly  i tnalteable» 
The.lead  is  rendered  volatile  by  the  zincy  when 
ten  or  twelve  parts  of  the  latter  are  united  'with 
oncrthird  partjof  theformeiJj/Jiutiif  tbezkncJbe 
lefs,  abundant,  it  fepamtesrfromrtije  lead.  .ISome 
^uthor^  atiirip  alfo.that  bdls  aremadeiiwitft  lead 
and  zinc,  wbioh  neversi^ary  froMH^beridirefiMn 
communicated  to  them,   and 'tMcrefoxfc'iirike 
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more  dire6i;ly  the  butt  towards  which  they  are 
fired  ;  but.  they  do  not  give  the  proportions  of 
this  particular  alloy.  Gellert  has  pointed  out 
the  alloy  of  lead  and  zinc  as  fpecificaily  hca* 
vier  than  the  mean  weight  of  the  two  metals 
as  afcertained  by  calculation.  Mufchenbroeck, 
after  many  experiments  of  alloys  of  lead  with 
zinc,  found  that  the  metal  has  a  very  ftrong  te- 
nacity, and  the  greateft  poffible  degree  of  hard- 
nefe,  when  eight  parts  of  the  former  are  united 
with  one  of  the  latter.  The  experiments  of 
Citizen  Baum6  feem  to  cjontradid  all  the  fa€b 
announced  by  thofe  authors ;  fmce,  according 
tb  this  artiil,  equal  parts  of  zinc  and  lead 
melted  in  a  crucible  did  not  unite ;  the  lead  re- 
mained above  the  zinc  without  any  change.  He 
had  the  fame  refult  when  he  melted  two  parts  of 
lead  with  one  of  zinc. 

47.  l#ead  unites  with  tin  in  all  proportions^ 
Mufchenbroeck,  who  made  many  experiments^ 
on  this  kind  of  alloy  in  a  great  number  of 
proportions,  remarked,  that  lead  adds  much  to 
the  firmnefs  ai^  hardnefs  of  tin  ;  that  a  metal 
formed  of  three  or  four  parts  of  tin,  and  oiie 
part  of  lead  was  twice  as  hard  as  pure  tin,  and 
that  the  beft  proportion  to  carry  the  tenacity 
of  tin  as  faft  as  poffible,  confifts  of  three  parts 
of  the  latter  to  one  of  lead.  Thus  it  is,  accord- 
ing to  him,  that  the  lead  ufed  to  tranfport  tea 
from  China  to  Europe  contains  a  fmall  quan- 
tity of  tin,  which  hardens  it ;  but  it  muft  be 
obferved,  that  zinc,  or  bifmuth,  enters  into  this 
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Chiiiefe  alloy.  One-fourth  part  of  tin,  alloyed 
with  lead,  prevents  it  from  vitrifying  and  pe- 
netrating  the  cupel,    according   to  Junckerj 

this  alloy,  treated  by  cupellation,  fwells  up, 
rifes  in  vegetation,  becomes  ftrpngly  ignited, 
takes  fire,  aiid  fopn  leaves  on  the  cupel  a  hard 
granulated  oxide,  vpry  difficult  to  be  fufed, 
f  wo  parts  *of  lead,  and  one  part  of  tin,^  form  a 
more  fufible  alloy  than  the  tM^o  metals,  and  do 
pot  feparate.  It  isi  common  folder,  or  the  folde^f 
of  the  plumbers. 

48.  The  alloy  of  Ipad  aqd  tin  is  very  fre- 
quently employed  in  the  ordinary  ufcs  of  life, 
and  the  former  of  thefe  metals  renders  the  ufe 
of  this  alloy  very  dangerous  in  veffels  for  culi- 
nary ufe,  or  for  pharmacy ;  whence  it  becomesf 
of  great  importance  that  we  be  able  to  afcertaiq 
the  refpeftive  proportions  of  tin  and  of  lead,  the 
latter  being  very  frequently  carried  beyond  th^ 
proportion  by  the  wife  regulation  of  the  police. 
The  pewterershave  feveral  proceffes  to  afcertain 
this  degree  of  finenefs  in  the  tin,  and  confe- 
quently  the  quantity  of  lead  it  contains ;  they 
frequently  depend  upon  fimple  infpedion ;  the 
colour,  the  weight,  and  the  noife  afforded  by 
this  metal  when  bended,   are  fufficient  for  mei^ 
of  experience  to  form  a  judgment  qf  the  variouai 
alloys  of  tin.     They  alfo  praftife  in  France  two 
different  kinds  of  aflays :  the  one,  named  affay 
by  the  ftone,  is  made  by  pouring  melted  tin  into 
a  hemifpherical  cavity,  terminating  in  a  hol- 
lowed channel  in  a  thun^er-ftone,  a  kind  of 

hard 


liard  carboiiate  of  lime  of  a  fine  grain;  The 
phenomena  which  the  tin  exhibits  in  its  cook 
ing,  colour,  roiindnefs,  the  depreffion  of  its 
middle^  the  noife  it  gives  when  the  tail  of  the 
tin  is  bended,  are  ligns  which  the  intelii&ent 
pewterer  avails  himfelf  of^  and  which  by  long 
obfervation  indicates  to  him  with  confiderable 
accuracy  the  finenefs  of  the  tin  he  examines^ 
This  aflay  is  however  niucli  lefs  exa6l  and  cer- 
tain  than  that  which  is  called  the  affay  by  the 
ball  or  the  medal,  which  is  praftifed  in  the  pro- 
vinces, whereas  the  former  is  uied  at  Paris.  This 
aifay  may  indeed  fhow  fomewhat  lefs  df  fkill  or 
experience  in  its  ufe  than  the  affay  by  the  ftone, 
but  it  has  at  leaft  the  advantage  of  affording  a 
more  accurate  knowledge  than  that  procefs  can 
do*  The  affay  by  the  ball  confifts  in  pouring 
the  tin,  of  which  the  quality  is  to  be  eftimated^ 
into  a  mould  which  gives  the  form  of  a  ball,  or 
of  a  flat  piece  refembling  a  medal,  The  weight 
of  this  caft  is  then  prepafed  with  a  like  volume 
of  fine  tin  caft  in  the  fame  mould*  The  moie 
the  caft  exceeds  that  of  the  pure  metal,  the  ' 
inore  it  is  eftimated  to  be  alloyed  with  tin*  It 
is  evident  that  it  would  ahfwer  much  better  to 
take  the  fpecific  gravity  exa6lly  in  the  manner 
of  philofophers ;  and  that  even  with  this  pre- 
caution we  fliould  have  only  a  general  and  im- 
perfe6l  notion  of  the  purity  of  tin,  without 
determining  any  thing  refpe6ling  its  nature  and 
its  alloy,  becaufe  feveral  caufes  not  relating  to 
/  the 
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the  proportion  of  the  two  metals  may  influence 
the  fpecific  gravity  of  the  alloy. 

49.  Chemical  analyfis  alone  is  fufficient  to 
afford  a  poiitive  knowledge  refpefting  the  pro- 
portions of  an  alloy  of  lead  and  of  tin.  Bayen 
and  Charlard  have  given  a  procefs  ne  lefs  ex- 
cellent than  fimple,  and  eafy  to  be  carried  into 
execution  for  this  purpofe.  They.propofe  to 
treat  one  hundred  parts  of  the  tin  inqueftiofl^with 
near  three  hundred  parts  of  very  pure  nitric 
acid,  to  wafh  the  oxide  of  tin  afforded  thus,  in 
more  than  thirty  times  its  weight  of  diftilled 
water,  and  to  evaporate  this  water  mixed  with 
the  nitric  acid  firft  decanted  from  above  the 
oxide.  This  fluid  affords  nitrate  of  lead,  if  that 
metal  was  contained  in  the  tin  which  is 
examined :  this  fait  is  calcined,  and  the  oxide  of 
lead  being  weighed,  is  efti mated  to  reprefent  the 
quantity  of  that  metal  exifting  in  the^  alloy,  de- 
ducing fix  or  eight  hundred  parts  at  mod  for 
the  quantity  of  oxigen  which  the  lead  has  ab- 
forbedfrom  the  nitric  acid.  Having  employed 
this  very  excellent  procefs  on  different  fpecimens 
of  wrought  tin,  they  afcertained  that  the  deareft 
and  heft  in  the  market  contains  about  O/IO  of 
lead ;  and  that  common  tin  contains  0,25. 
This  laft  quantity  of  lead  in  tin  muft  produce 
the  greateft  danger  to  thofe  who  employ  uten* 
fils  of  this  metal ;  and  it  is  unfortunately  ufc4 
in  the  veffels  of  mod  common  applicationi 
fuch  as  the  meafures  for  liquids,  particularly 
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wine.     It  is  an  objeft  which  deferves  the  atten- 
tion of  an  enlightened  government 

SO.  The  mod  fingular  and  tnoff  remarkable 
peAaps  of  alf  the  alloys  6f  AvHich  lead  confti- 
tutes  a  part,  is  that  which  has;  lohg  been  known 
by  the  name  of  the  fufible  alloy,  on  account  of 
itis:^<f)m(hihg  fiifibility*  When  ei^htprartsof 
bifmuth,  'five  parts  6f  lead,  and  thWebf  tin, 
afefdfed  together,  thi^^all6yr'^  Cftr^eif  Darcet 
hy  difcovered, '  has'tfie-  prdpdrty  of  Welting,  or 
rather  of  remaining  liquid  aft  th^e  tfetiiperatufe  of 
boiling  water;  ley  that  wh^h  it^fe  "plunged  iii 
thi«  liquid, -at  etghty  d^greesbf-Heaumur,  it 
midilts^  at  fhtB  bOttoi*  of  the  'veffel  which  con* 
t^ias^^tiTbis  alloy  ^ryftallizes  by  flow  cooling, 
aiid'inay  become  ex Elemely  uftful  in  the  arts. 
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^     :  . •:  |6.  ASion  upon  Water  and  the  Acick. 

'51.  W.ATER  has  no ,  immediate  aftion  upon 
lead,  whiich  does  not  fepa|-ate  its  oxigen,  nor  de- 
compofy  it;  but  if  the  water  contain  alr^  or  the 
tw:o  bodies  be  at; the  fame  time  expofed  to  the  air, 
UlCf  Je^d  becomes  Ipeedily  and  eafily  oxided.  By 
^tatiqgilthis  metal  in  a  fmall  quantity  of  wa- 
ter .with  iContaS;  of  air,  as  Mr.  Luzuriaga  has 
done  in  his  experiments  on  this  fubjeft,  it  foon 
beicoknes  covered  with  a  white  cruft  of  oxide. 
TJiiSi  isj  the  caufe  of  the  white  line,  which  is 
iorm&d  ill  xefervoir^  of  lead  at  tlie  edge  of  the 
^terj  orr  at  the  point  where  the  metal  touches 
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the  water  and  the  air.  But  this  efTe^  ibon  be* 
comes  complicated ;  the  oxided  lead  abforbs  the 
atmofpheritial  carbonic  acid  ;  carbonate  t>f  lead 
is  formed,  which  is  even  diiTolved  in  the  wateri 
05  is  proved,  by  pouring  hidrofulphurets  into 
this  water ;  which,  by  fuch  addition,  aifumes  a 
black  colour;  There  is  particular  opportunity  ta 

make  this  obfervation  in  cifterns  whiqh  ferve  fof 

■I     » 

chiemical  experiments^  and  there  is  no  reafon  to 
doubt  but  the  lame  phenomenon  takes  place  in 
all  the  leaden  refervoirs  in  which  water  is  pre* 
ierved,  fince  they  all  iliow  this  white  projecting 
border,  which  is  as  it  were  fwelled  out  at  the 
place  to  whicti  the  water  rifes  in  thofe  veffelsr 
We  fee,  therefore,  that  channels,  and  particularly 
refervoirs  in  which  water  remains^  are  very 
dangerous  for  the  common  purpofes  of  life,  and 
were  condemned  in  ancient  times  by  Hippo- 
crates, Galen,  atid  Vitfuvius;  in  addition  to 
which,  we  may  depend  on  the  obfervations  of 
Van  Swieten,  Tronchin,  and  Percival,  who  have 
quoted  unhappy  examples  of  whole  families  poi* 
foned  with  water  which  had  remained  in  refer- 
voirs of  lead.  The  oxides  of  lead  are  not  fo- 
luble  in  pure  water;  but  if  this  water  be  (lightly 
afllfted  by  fome  faline  bodies  or  alkalis^'  or  by 
acids;  it  becomes  more  or  lefs  abundantly 
charged  with  it. 

52.  There  is  no  a6lion  between  lead  and  the 
metallic  oxides.  This  metal  has  too  flight  an  at^ 
tradion  foroxigentodecompofethem;  it  merely 
Ihares,  in  fome  inftances,  the  oxigen  with  the 
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oth^r  metallic  oxides^  and  puts  itfelf  into  an 
equilibriuth  of 'oxidation.  This  happens  very 
frequently  in  preparations  of  enamels  and  co- 
loured glaffes.  Mod  of  the  metals,  on  the  con- 
trary, have  the '  property  of  decompofing  the 
oxides  of  lead)  depriving  them  of  oxigen,  and 
reducing  them  to  the  metallic  ftate,  or  at  lead 
bring  them  near  that  ftate. 


H.  ASlion  of  Atidi. 

53.  Lead  is  aded  upon  by  the  acids  in  a  very 
different  manner  from  tin.  It  is  much  lefs  qx-^ 
ided  by  their  adion  ;  it  combines  much  better 
with  the  acids  in  general,  and  forms  permanent 
folutioDS.  The  fulphuric  acid  does  not  a6i  upon 
lead  in  the  cold,  nor  even  at  a  temperature  which 
caufes  the  acid  to  boil.  For  this  reafon  lead 
i3  uled  to  line  the  chambers  in  which  fulphur  is 
burned  in  tlie  fabrication  of  the  fulphuric  acid* 
This  metal  is  very  little  altered,  by  the  conta^ 
of  the  acid  in  vapour,  and  it  lafls  a  long  time* 
When  concentrated  fulphuric  acid  is  heated 
upon  filing$  of  lead  by  ebullition,  an  effervef* 
cence  takes  place,  and  fulphureous  acid  gas  is 
difengaged ;  the  lead  appears  to  be  changed 
il)to  a.  thick  white  fulphate,  which  remains  at 
theixrttom  of  the  fluid,  when  in  great  abund^^ 
ance,  or  is  obtained  dry  if  the  acid  has  been 
empk^ed  only  in  fufficient  quantity  to  a6l  upon 
^  lead.  By  wafliiug  this  laft  mafs  in  diftilled 
.   Vol.  VJ,  I  water^ 
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water,  the  water  diflblves  only  a  fmall  ptirtion 
of  fulphate  of  lead  by  virtue  of  a  minute  excefs 
of  fulphuric  acid.  This  wafliing  affords  fmall 
needles  by  evaporation.  Citizen  Monnet  affirms 
that  the  fulphate  of  lead  is  obtained  in  (bQrt 
prifms.  Citizen  Sage  has  defcribed  it  in  tetra- 
hedral  prifms :  it  is  to  be  obferved  that  this  fait 
cannot  be  diffolved  and  cryftallized,  but  by 
virtue  of  an  excefs  of  acid,  for  which  reafon  it 
is  that  feveral  chemifts  have  denied  its  exift- 
ence.  Water  in  whatever  quantity  it  may  be 
employed,  will  never,  unlefs  fulphuric  acid  be 
added,  diffolve  the  whole  of  the  white  mafs  of 
fulphate  of  lead,  for  which  reafon  the  fait  is 
generally  confidered  as  infoluble,  incryftalli- 
zable,  and  little  difpofed  to  decompofition.  It 
is  fcarcfely  alterable  even  by  a-ftrong  fire,  and 
cannot  be  decompofed  but  with  charcoal. 
Wlien  heated  alone,  it  never  affords  fulphur, 
but  merely  fulphureous  acid..  The  alkaline 
earths  and  alkalis  decompofe  it,  anH  feparate  the 
oxide  of  lead  in  a  pure  ftate  by  abforbing  the 
fulphuric  acid.  The  oxide  contained  iu  the 
fulphate  of  lead  appears  to  contain  0,07  of  ox- 
igen  ;  one  hundred  and  forty-two  parts  of  thii 
fait  reprefent  a  hundred  parts  of  the  meVaHii 
which  is  very  important  to  be  known  for  afiay%  / 
and  the  various  inquiries  relating  to  the  coiffbU 
nations  and  diflferent  ilatcs  of  the  oxidaticnr tif 
lead.  -n'  '.-^ '  »     .V 
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54.  Lead   does  not  ad  on  the   fulpihriimott 
acid,  and.it  is  known  fromwhaVhas  been  ji^ 
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feted,  that  in  faft  this  metal  difeiigages  only 
fulphureous  acid^  and  never  fulphur  from  the 
fulphuric  acid.  The  fulphureous  acid  cannot 
therefore  diflblve  lead ;  but  it  eafily  unites  with 
its  oxide,  and  forms  fulphite  of  lead  with  it, 
provided  it  be  riot  too  much  oxigenated*  The 
following  are  the  fa6ts  which  this  combination 
prefen-ted  to  Vauqitelin  and  myfelf,  in  our  united 
inquiries  refpe6ling  the  combinations  of  that 
arid  with  the  metals*  The  red  oxide  of  lea(l 
put  into  contafi;  with  the  liquid  fulphureous 
acid  foon  becomes  white ;  the  acid  lofes  its 
fraell,  and  a  falilie  mafs  is  formed,  containing  a 
mixture  of  fulphate,  and  a  fulphite  of  lead. 
The  fulphite  cannot  be  obtained  alone,  but  by 
treating  the  white  oxide  of  lead  feparated  from 
the  nitrate  of  this  metal  bj'^  the  fulphureous 
acid*  The  fulphite  thus  prepared  is  iniipid  and 
infoluble.  Before  the  blow-pipe  on  charcoal  it 
melts,  emits  a  flight  phofphoric  flame,  and  be- 
comes of  a  pale  yellow  in  cooling.  When 
heated  .for  a  long  time  it  becomes  reduced  at 
its  edges,  after  which  it  boils,  and  paffes  to  the 
metallic  ftate*  In  a  clofe  veflel  it  affords  water, 
fulphureous  acid,  fulphur,  and  leaves  the  ful- 
phate of  lead  of  a  greenifli  yellow*  The  fulphuric 
and  muriatic  acids  difengage  the  fulphureous 
acid  with  effervefence ;  the  nitric  acid  does  not 
decompofe  it :  which  ought  to  happen,  fince 
the  fulphureous  acid  takes  on  the  other  hand 
•the  oxide  of  lead  from  the  nitric  acid ;  but  it 
changes  it  into  fulphate,  and  diien|;ages  a  red 
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vapour.  The  alkalis  deprive  it  of  its  fiilpbureoiis' 
acid.  U\  infiead  of  treating  red  oxide  by  the 
fulphureoiis  acid,  it  be  treated  with  the  fulphitc 
of  foda  at  the  temperature  of  ignition,  the 
oxide  paffes  to  the  ftate  of  metal,  and  the  ful- 
phite  of  foda  becomes  fulphate  but  with  excels 
of  foda,  becftufe  the  fulphuric  acid  thus  formed 
laturates  lefs  foda  than  fulphureous  acid.  All 
this  proves  that  the  red  oxide  of  lead  yields  a 
portion  of  oxigen  to  the  fulphureous  acid  alone^ 
and  all  its  oxigen  to  this  acid  when  united  with 
pot-alh  and  foda. 

55.  The  nitric  acid,  fomewhat  diluted  with 
water,  afts  well  upon  lead ;  the  acid  diffolves  it 
entirely  with  a  continued  and  equal  efFervef- 
fcence.  If  it  be  too  ftrong,  it  leaves  the  oxide 
dry  :  but  this  oxide  is  equally  foluble  in  weak 
nitric  acid.  The  folution  is  not  rendered  tur- 
bid bv  w^hter.  Its  tafte  is  firft  fweet,  afterwards 
rough  and  acrid.  It  feparates  during  the  folu- 
tion a  grey  infoluble  powder,  which  Groffe  fup- 
pofi?d  to  be  mercury,  but  which  does  nqt  really 
contain  it,  kfid  of  which  the  nature  has  not  yet 
been  determined.  By  direct  evaporation  of  this 
folution,  it  after«^ards  affords  by  cooling,  regu* 
lar  cryftals  in  the  fortn  of  flat  triangles,  of  which 
the  angles  are  "truncated ;  by  flow  and  fponta- 
neous  cvapoKitiori,  hexahcdral  pyramids  arc 
obtained,' trunfc^ted  at  three  faces,  alternately 
broad  aiid  narrow,  which  confiderablv  refembk 
a  thfee-corn^reA  hat,  and  have  been  well  de- 
fcribed'liyuR^elll:*-  -  Thefe  cryitals  crackle  and 
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decrepitate  ilrongly  on  hot  coals^  at  the  %n? 
time  that  they  throw  out  very  briiliant  fpa^lcjes. 
fiqerhaave  affirms  that  this  decrepitation,  \fhicb 
13  dangerous  to  the  by-flanders,  has  caufed  the 
iklt  to  be  denominated  fulminating  lead.  A^fter 
thi$  effe^  a  yellow  or  reddifh  oxicle  of  le^d  re- 
mains, which  is  reduced  into  metal.  Mpon  char- 
coal. In  a  clofed  veffel  it  afFordjS  nitrous '  gas, 
o^igen  gas,  azote  gas,  and  the  (yxide.  oif  Jead 
becomes  vitrified.  The  folutioii  qf  nitrate  of 
lead  precipitates  a  white  oxide  by  tlie  alkalis, 
aad  a  black  fulphurated  oxide  by  the,  fulphu  rets 
iy»d  bidro-fulphurets.  The  fulphuric  acid  a^d 
^e  fulphates  decompofe  it,  and  form  a' white 
precipitate  of  fulphate  of  lead,  which*  is^tbick 
and  infoluble.  The  fulphureous  acid  alfo  pre- 
cipitates it  in  the  form  of  fulphite  of  JmU  ^  . 

66.  The  aftion  of  nitric  acid  upon  the  dif- 
ferent oxides  of  lead  deferves  to  be.  carefully 
afcertained.  Before  tlie  experiments  of  Prouft 
and  Citizen  Vauquelin,  nothing  was  kriowB 
further  than  that  thefe  oxides  are  foluble  in  the 
acid  of  nitre.  It  is  now  known  that  the  dif- 
ference of  the  oxides  makes  a  difference  in  the 
a6lion  of  the  acid.  The  white  oxide  and  the 
yellow  oxide  are  diifolvcd  quietly  without  eft'er- 
vefcence,  without  refidue,  ahd  ;withoUtVAny 
perceptible  change  either  in  their  nature,'  or  in  , 
that  of  the  acid  :  but  the  cafe  is  very  diflferent 
with  thejed  oxide.  When  the  nitric  acid,  at 
twenty-iGx  or  thirty  degrees,  is  poured  upon 
this,  heat  is  extricaied,  the  ojcide  becoraLCs  white, 
3  is 
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is  in  great  part  diffolved,  and  at  the  fame  time 
a  portion  of  black  infoluble  powder  is  fepa- 
rated*  This  powder  being  well  waihed,  col- 
levied,  and  dried,  weighs  0,15  of  the  oxide  em- 
ployed. When  it  is  examined,  it  is  found  to  be 
a  brown  oxide  of  lead,  deeper  coloured  than 
all  thofe  before  fpoken  of,  the  moft  oxigenated 
of  all  the  oxides;  it  is  atfo  obtained  more 
eafily  and  abundantly  by  the  oxigenated  mu- 
riatic acid,  as  I  fhallfoon  explaiin.  It  is  only  ne* 
ceffaiy  to  explain,  in  this  place,  what  happens  in 
the  adiion  of  the  nitric  acid.  About  iix^fevenths 
of  the  red  oxide  are  folublc  in  this  acid ;  but 
as  their  ftate  of  oxidation,  at  0,09  of  oxigen^ 
does  not  allow  them  to  diffolve,  in  proportion  a^ 
the  excefs  of  this  principle  is  feparated,  it  ads 
upon  the  other  fcventh  part  which  remains 
infoluble,  and  becomes  brown ;  fo  that  the  dif- 
oxidation  of  the  iix-fevenths,  and  the  fuper- 
pxidation  of  the  feventh,  are  the  produft  of  the 
double  attraftion  of  the  nitric  acid  for  the 
white  oxide  and  the  red  oxide  for  the  portion 
of  o^cigen  proper  to  convert  it  to  the  ftate  of 
brown  oxide.  Hence  we  fee  why  the  white  and 
yellow'oxide  are  foluble  in  the  nitric  acid  with-r 
out  forming  the  brown  oxide. 

57.  The  muriatic  acid  a6is,  though  weakly, 
upon  lead,  and  its  oxide,  when  thefe  two  bodies 
are  heated.  One  part  of  this  oxide  remains  in 
the  liquor ;  another  part  combines  with  it.  This 
laft  is  not  abundant,  and  is  only  diffolved  by 
jneans  of  the  excefs  of  acid  j  it  affords  brilliant 
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prifmatic  cryftals  of  a  fatin-like  appearance  in 
fine  needles  of  muriate  of  lead-  This  fait  is 
not  deliquefcent ;  it  diffolves  in  water  ;^  its  tafte 
is  fweet,  but  harfli ;  it  is  decompofed  by  the 
alkalis,  which  precipitate  a  white  oxide.  Thefe 
two  bodies  are  more  dire6Uy  united,  and  better 
Saturated  with  each  other,  by  prefenting  an  ox- 
ide of  lead  to  the  muriatic  acid,  or  by  pouring 
this  acid  either  at  liberty,  or  engaged  with  fome 
alkaline  or  earthy  bails,  into  the  folution  of 
mtraie- of  lead.  A  white  thick  precipitate  is 
immediately  formed,  having  the  appearance  of 
a  heavy  coagulum  much  more  abundant  than 
the  fulphuric  acid  forms,  which  is  fpe^dily  col- 
le&ed  at  the  bottom  of  the  fluid.  The  muriatic 
acid  has  therefore  a  ftronger  attra£iion  for  the 
t)x  ide  of  lead  than  the  nitric  acid  has.  The  muri- 
ate of  lead  thus  formed  has  a  fweetiih  tafte ;  it  is 
ibluble  in  thirty  times  its  weight  of  water;  it 
melts  very  eafily  by  heat,  and  emits  when  fufed  a 
white  vapour,  which,  if  received  in  the  mouth, 
leaves  for  a  long  time  a  faccharine  tafte,  and 
conden&s  in  white  cry ftalline  powder  upon  cold 
bodies.  When  tliis  fait  has  been  fufed,  it  is 
a  £emi*vitreous  b]*illiant  mafs  of  a  deep  grey  or 
Ikowu  colour,  called  corneous  lead,  either  becaufe 
it  lias  a  ihade  of  colour  fimilar  enough  to  certain 
iiorns,  or  becaufe  it  refembles  the  muriate  of 
lilver,  Avhich  after  fimilar  fufion  was  called 
horn-filver.  When  the  muriate  of  lead  has 
been  diffolved  in  water,  prifmatid,  fub-hexahe- 
dial  and  ftriated  cryftals  are  obtained  by  evapo- 
ration. 
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ration.  The  f ulphuric  acid,  according  to  thfe 
remark  of  Groffe,  precipitates  this  folution  in 
an  infoluble  fulphate  of  lead.  In  other  reQ>e<^ 
its  habitudesrefemble  the  other  falts  of  lead  with 
alkaline  and  fiilphurated  re-agents. 

48.  When  the  red  oxide  of  lead  is  (lightly  heated 
with  muriatic  acid,  the  acid  in  part  becomes 
oxigenated  muriatic  acid,  while  the  oxide  being 
difoxigenated,  unites  to  another  portion  of  the 
acid,  and  produces  muriate  of  lead  in  the  form 
of  a  white  powder:   an  excefs  of  the  acid  re- 
diffolves  the  muriate.      The  muriatic  acid  can- 
not, therefore,  unite  with  the  red  oxide  of  lead 
without  difoxigenating  it,   and  bringing  it  to 
the  ftate  of  the  white  oxide.      On  this  account 
it  is  that  lead  treated  by  this  gas,  or  the  liquid 
oxigenated  muriatic    acid,   paflfes  only  to  the 
ftate  of  white  oxide,   and  then  unites  with  the 
muriatic  acid  difoxigenated  by  the  oxidatioa  of 
the  metal*      Citizen  Fabroni  has  propofed  to 
prepare  in  this  manner,  the  oxigenated  muriatic 
acid  for  bleaching  prints  upon  paper.      This 
acid  is  not  afforded  by  the   procefs  hcre.rde- 
fcribed,  unlefs  a  fmall  portion  only  of  the  red 
oxide  of  lead  be  ufed,  and  when  the  acid  isfuffi- 
cient  to  faturate  this  oxide ;    for  if  the  dofe  be 
augmented,  the  muriate  of  lead  becomes  charged 
with  a  portion  of  brown  oxide.      Thefe  effeOM 
(a)  fliow  that  the  muriatic  acid  cannot  unite  but 
with  the  white  oxide  of  lead,  and  that  it  dif- 
oxides  the  red  oxide  before  it  can  combine  with 
it ;    (&)  that  this  acid  has  a  ftronger  attraftion 

for 
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for  the  white  oxide  than  the  red  oxide  has  for 
the  oxigen  of  the  oxigenated -muriatic  acid ;  (c) 
that  idlile  there  is  any  muriatic  acid  at  liberty 
to  zB,  upon  the  red  oxide  of  lead,  this  laft  will 
undergo  no  alteration  on  the  part  of  the  oxigen^' 
ated  muriatic  acid,  which  becomes  difengaged 
and. flies  off. 

•  £9^  The  gafeous  oxigenated  muriatic  acid 
whea  woeived  in  water,  containing  the  white^ 
yelkyw,  or  red  oxide  of  lead,  is  abforbed,  renders 
it  at  flrft  black  or  ratl>et  brown,  and  then  diflblves 
it.>:  In  this. manner  a  fuper-oxigenated  muriate 
of  kiad  is  formed  in  a  yellowiih  folution.  If 
this  iolutioin^  be  precipitated  by  pot'^afli  or  foda, 
the  oxided  lead  is  depofited  of  a  brown-red 
colour.  The  fame  fuperoxigenated  muriate  of 
lead  is  obtained  by  precipitating  it  of  a  brown** 
red  bjr  the  alkalis,  or  by  pouring  the  oxigenated 
muriatic  acid  upon  the  nitrate  of  lead;  in  which 
no  precipitate  at  firfi  appears,  but  at  length  it 
falls  down  in  a  brown  or  red  powder.  A  greater 
quantity  rC'diflblves  it.  We  are  indebted  to 
Mr.  Prouft  for  our  knowledge  of  this  fait, 
which  is  very  different  from  common  muriate  of 
lead. 

This  fuper-oxigenated  muriate,  which  is 
black,  will  not  didiblve  in  water,  a^d  is  not 
very  foluble,  unlefs  by  an  exce&  of  the  oxigen- 
ated muriatic  acid.  Every  white  oxide  of  lead 
brought  into  contia6i  with  the  latter  acid,  ac** 
quires  a  red  colour,  and  at  tength  a  browi^  or 
puee  bOliSHii:. ..  The  fuperr  oxigenated  muriate  of 

lead, 
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lead,  i^  pwcipilated  of  a-^bite  col&uir  by' am- 
monia) which  being  at  the  fame  time:partly  de- 
CoiDpofed,.  immediately  decompofes  the  red 
pxide  of  lead  in  proportion  as  it  falls  down. 
Citizen  Vauquelin  has  re-examitied  this  fuper- 
oxigenated  oxide  of  lead  and  the.  ihethod  of 
preparing  it.  It  particularly  follows  from  his 
k^fcsLTKiheSy.  that  out  of  an  hundred  parte  of  red 
p:it:ide  of  lead,  fixty  eight  parts  of  brown  oxide 
.are  thus  obtained,  and  that  a  double  eife£l. takes 
place  in  this  mutual  adion  which  tends  to  in- 
creafc  the  quantity  of  brown  oxide.  In ,  fa6^, 
while  the  oxigenated  muriatic  acid  yields'  its 
oxigen  to  one  part  of  tjie  red  oxide, :  another 
portion  of  the  oxide  is  engaged  in  iiaion  with 
part  of  the  difoxigenated  muriatic,  acid,  witli 
w^hich  it  forms  muriate  of  lead:  this  fecond 
proportion  of  oxigen  feparated  from  one  part  of 
iShe  oxide,  ieizes  the  other  portion  of  the  fame 
pxide,  and  thus  it  is  that  0,6^8  of  brown  oxide 
is  obtained  by  this  procefs,  whereas  fey  the 
muriatic  acid  no  .more  than  0,  IS.  are  obtained. 
^  60.  /The  I  brown  oxide  of  lead  obtained  by 
l&itlier  of  thefe  proceffes,  has,  according  to  tlie 
fame  chemift,  very  different  properties  from 
tlioft.pf  otl^er  oxides  of  the  fame  metal.  It  is 
.of  a  deep  iliining  velvet-brown,  fimilar  to  tlie 
ihade  which  is  denominated  puce ;  before  the 
4)low-pipe  it  becomes  yellow,  and  melts  ;  upon 
ignited  2  coals  Sfe.i^  :rfeduced  :  with  ebullition; 
when  heated  inaTCtort  it  affords  very  pure  ox- 
igen gas,,  and  becomes  re»?on  verted  into  glafs  of 

lead  ; 
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lead ;  it  affords  the  fame  gas  "when  it  is  diftilled 
with  the  fulphuric  acid,  and  in  this  refpeft  its 
habitudes  refemble  thofe  of  the  oxide  of  man* 
ganefe  ;  it  is  infoluble  in  the  nitric  acid,  but 
diilTolves  in  the  nitrous  ;  fugar  or  honey  render 
it  foluble  in  the  former.  The  muriatic  acid 
immediately  boils  upon  it  and  paffes  to  the 
liate  of  oxigenated  acid.  It  rapidly  decom* 
pofes  ammonia,  and  forms  nitric  acid  in  one  of 
the  produ6ls  of  this  decompofition.  It  inflames 
fulphurby  mere  trituration,  and  caufes  it  to  throw 
out  a  very  ilrong  light,  though  without  deton* 
ation  ;  it  does  not  inflame  charcoal  Laftly, 
the  puce*colbured  oxide  of  lead  eafily  uiiites  with 
olive  oil,  which  it  converts  into  a  light  brown 
very  folid  plafter. 

61.  The  liquid  phofphoric  acid  does  not 
attack  lead  but  very  flowly,  and  gradually 
converts  it  into  white  infoluble  phofphate  of 
lead.  But  the  alkaline  and  foluble  phofphates 
form  this  fait  in  an  inftant,  when  united  with 
the  nitrate  of  lead,  and  even  by  the  afliftance  of 
heat  to  the  muriate  of  lead,  as  I  fliall  foon  ex** 
plain.  It  is  probable  that  it  is  by  the  efFe6l  of 
thefe  double  decompofitions  that  the  folid  phof- 
phate of  lead,  cryftallized,  or  in  depofitiott,  it 
formed,  which  at  prefent  is  met  with  fo  fre- 
quently in  the  mines  of  this  metal.  This  pbpf* 
phate  which  appears  to  become  foluble  by  an 
cxcefs  of  phofphoric  acid,  and  even  by  other 
acids,  is  fufible  by  heat,  and  takes  the  form  of 
regular  polyhedra  by  cooling.    It  is  decompofeil 

by 
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by.  jgnited  charcoal,  which  changes  it  into 
pjjofpherus  and. lead,  while  itfelf  p^ffes  to  the 
Hate  of  carbonic  acid.  The  fulphuri§ii  niCric 
*nd  muriatic  acids,  decompofe  it  in, the  hunaid 
way,  and  afford  a  method  of  fepa^nting  .tiae 
phofphoric  acid*  The  alkaline  cajrbon^tes  arQ 
alfo  decompofed  by  double  attra6tioi^*       .:  ^  .  .»i 

62*  The  uniop  of  the  fiixoviC:  aud  inor^it; 
acids  with  lead  is  little  known.  It  is  oaly  :»£■ 
certained,  that  fluate  or  boratis  of  Jead  of  fp9i*i|ig 
folubility,  is  formed  by  the  effeft  of  the  ^ leftive 
SLttra6lions,  by  pouring  the  fo^uble  iluates  an4 
borates  into  a  nitric  folution  pf  lead :  that  thefe 
ialt3  ajLC  then  precipitated  into  a  white  iniipid 
powder,  and  tliat  they  may  be  decompofed  by 
the  fulphuric,  nitric  and  muriatic  acids,  which 
have  a  ftronger  attra^ion  for  the  oxide  of  *lead 
than  is  polfeiTed  by  the  fluoric  and  boracic 
acids* 

63.  Carbonic  acid  eafily  unites  with  the  oxide 
of  lead :  hence  it  is  that  in  proportion  as  this 
metal  is  burned  by  contaQ;  of  water  and  of  air, 
the  carbonic  acid  of  the  atmofphere  is  gradually 
abforbed,  and  caufes  it  to  pafs  to  the  fiate  of 
carbonate  of  leail,  which  appears  even  to  be 
Soluble  in  water  by  means  of  the  carbonic  acid* 
This  fame  folution  is  effected  by  chai^ng 
water  with  carbonic  acid  and  leaving  it  ^ftet*' 
^ards  in  repofe  upon  the  oxide  of  lead.  The 
iwater  foon  becomes  turbid,  and  blackens  by  the 
conta6i;  of  hidro-fulphuret.  The  foluble  or  dif- 
iblved  falts  of  lead,  decompofed  by  the  alkaline 

carbonates. 


eai-bonates^:  afibrd  a  precipitate  of  carbouate  of 
lead :  this  procefs  is  the  heft  we  know  for  ob- 
taining this  fait  It  is  by  the  union  of  like 
circumftances  that  the  carbonate  of  lead  is  pro^ 
bably  formed,  >vhich  is  fo  abundant  in  the 
earth,  and  is  fp  frequently  found  among  the 
ores  of  this  metal,  as  well  as  among  thofe  of 
copper.  Water  muft  have  held  it  in  folution, 
fince  it  is  found  fo  frequently  under  the  form  of 
cryftals,  depofitions,  ftala6tites,  incruftations, 
and  (ince  when  it  is  analyzed,  we  find  a  fmali 
quantity  of  this  licjuid,  as  is  proved  by  its  de- 
crepitation upon  ignited  coals^  and  its  diftilla- 
tion  in  a  clofe  apparatus;  ^  By  fire  in  clofed 
veffels,  it  gives  out  carbonic  acid  and  an  oxide 
of  lead.  It  is  eafily  and  fpeedily  reduced  by  ' 
charcoal  ;  the  acids  diflblve  it  with  effervef* 
cence,  the  produ6l  of  which  is  carbonic  acid  ; 
the  ammoniacal  fulphui^t  and  its  vapour  imme- 
diately blacken  it,  and  caufe  its  prefcnce  to  be 
infiantly  known. 

64  All  the  metallic  acids  unite  with  the  oxide      ^ 
of  lead,  when  once  formed,  and  have  ho  adlion^ 
or  at  kaft,  a  very  weak  ai6iion  upon  this  metal. 

a*  According  to  Sciieeie,  lead  becomes  blaicii 
when  dtgelted  in  a  folution  of  the  arlbnic  addi. 
and  becomes  covered  with  a.  wikitCi  powdcii 
though  the  fupernfiitftnt  acid  does  iiot-  bold  iii 
folution  any  oxide,  of  diat  metal.  Whfeti  tiveMed 
im  filings  with  twics  its  ireight  of  folid  airfboir 
ai^id  bydrftiUation,  the  mixtore  ftdwaittartiPiiffi^ 
imrebot  mafs  ;  a  fmall  quantity  of  aifenious  acid 

rifes, 


tifes,  and  there  remains  a  milky  glafi,  wliicfl 
when  wailied  a^ords  a  plentiful  precipitate  in 
white  powder,  while  a  portion  of  arfenic  acid  is 
diffolved.  We  thereforefee  in  this  cafe,  that  the 
lead  takes  from  part  of  the  arfenic  acid,  a  portion 
of  its  oxigen,  and  unites  in  the  form  of  white 
oxide  to  another  part  of  this  acid<  Thi^  arfe^ 
niate  of  lead  is  not  foluble ;  it  appears  to  be 
fufible  in  white  glafs :  it  is  formed  by  precipi- 
tating the  nitrate  and  muriate  of  lead  by  arfe- 
nic acid,  which  takes  from  them  the  oxide  of 
lead. 

b.  The  fame  chemift  has  difcovered  that 
tungftic  acid  precipitates  and  feparates  oxide  of 
lead  from  the  nitric  folution  of  the  metal  in  a 
white  infoluble  tungftate  of  lead,  and  that  the 
molybdic  acid  decompofes  the  nitrate  and  mu- 
riate of  lead,  by  forming  a  white  abundant  de* 
pofition  with  their  folutiohs.  He  has  therefore 
proved  that  the  tungftic  and  molybdic  acids  have 
a  ftronger  attraftion  for  oxide  of  lead  than 
nitric,  acid  has ;  that  the  molybdic  acid  has 
even  a  ftronger  attra6iion  than  the  muriatic^ 
and  that  the  tungftate  as  well  as  the  molybdate  of 
lead  are  infoluble  in  water.  We  have  feen  al- 
reatly  that  this  laft  lalt  exifts  native  in  the  form 
of  cryftals,  or  hexahedral  plates  of  a  light  yel- 
low, '  in  what  has  been  denominated  the  yellow 
lead  of  Bleyberg,  and  that  this  native  fait  was 
decompofed  by  the  muriatic  acid  by  Klaproth : 
^hicb  feems  to  contiradid  the  faft  announced  by 
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*  Scheele  of  the  decompofition  of  the  muriate  of 
leadJbj  the  molybdic  acid 

c.  The  chromic  acid,  as  we  have  feen  before, 
was  difcovered  in  combination  with  the  oxide 
of  lead  by  citizen  Vauquelin,  in  the  red  lead  ore 
of  Siberia.  When  after  having  decompofed 
this  fait  by  the  folutions  of  csLthonste  of  pot* 
aih,  foda  or  ammonia,  (for  thefe  three  falts  have 
the  fame  property  in  this  refpeft,)  the  alkaline 
Ablution  of  the  chromate  is  united  with  the 
nitric  folution  of  lead  :  a  new  chromate  of  lead 
is  immediatH^ly  formed  by  virtue  of  double  elec- 
tive attraftions,;  which  prefeuts  the  colour  and 
all  the  othieii  i  properties  of  the  native  chromate, 
except  the  cry  ftallization.  . 

■if.-         i-s  -»•»••    ■ 

^  •  L  yJ^ion  ypon  theiBafes  and  the  Salts* 

I      •«.'■•.      ■••,■.'.■■•.■ 

':!6&  The  earths  and  the  alkalis  have  no  action 
Upon  Jead :  thele  laft,  ne verthelefs,  favour  its 
oxidation  by  tlie  air;  and  particularly  by  aerated 
water,  on  account  of  the  attra6iion  wliich  they 
tend  to  exercife  upon  the  oxide  of  this  metaL 
The  earths^  particularly  lilex  and  alumine,  unite 
very  well  by  the  aftion  of  fire  with  the /red 
•dkide  of  lead^  and  produce  a  yellow  homogene^ 
ou8  vitrificaticni!  which  is  ponderous,  and  its.de^ 
sicAniilatedi^afsof  le^  idieiithe  {^ropotitioil  of 
4iife  4iMde  iSiV^ry  greati  It  is  oliJa<u»;uiit.  qf 
4pheflfdng  vitrification?  wbiefa>the'oxide;^f"ieaid 
'ioyixacm^t^^  .tludriifr^i6 

rivl  ufed 


128  tTAt). 

ufed  as  an  ingredient  in  the  compofiticHl  df 
glafs,  in  the  dofe  of  a  fixth  or  even  a  fifth  of  tfae 
other  materials  which  conftitute  the  vitreous 
compofitton.  This  oxide  was  formerly  ufed 
only  for  the  preparation  of  enamels^  and  the  glaft 
of  various  kinds  of  pottery  ;  but  the  £ngliih 
maBufa6iurers  availing  themfelves  of  obfervar 
tions  upon  the  accurate  fufion  of  thefe  mixture^ 
began  to  increafe  the  dofe  of  this  oxide  in  the 
compofition  of  their  glalTes ;  and  in  imitation  of 
their  work^  there  have  been  eflabliihed  in  many 
countries,  particularly  in  France^  a  number  of 
glafs-works,  in  which  the  oxide  of  lead  is  ufed 
in  great  quantity.  By  this  addition,  glaflei 
are  obtained  fpeedily  and  completely  fufed/  ho* 
mogeneous  in  their  texture,  without  veins^ 
without  bubbles,  without  blifters,  and  without 
defe6ls.  Thefe  glaffes  are  heavy,  icy,  of  an  uni- 
form black  appearance  in  their  fra6lure,  of  a 
clear  white  when  viewed  by  tranfmitted  lights 
refcafiiing,  and  ilrongly  difperilng  the  rays  of 
light,  and  which  produce,  when  cut  into  facets^ 
thofe  varied  and  beautiful  colours  of  the  mn- 
bow,  which  are  fo  much  admired  in  the  lufira 
and  chandeliers  which  are  decorated  with  tbeiil« 
But  this  glafs,  fo  beautiful  to  the  eye,  andfii 
ufeful  on  account  of  its  cheapnefs^  po4&St$ 
great  inconvenience  in  the  fbru^ie  of  .chemi<* 
eal  veflel^  becaufer  it  frequently  rerjafis^  by  the 
great  quajBtity  ^f  ;lead.  it  contains^'  ttfmi  ite 
mattcfs  which  are  treated  in  it;  It  ja  likewifr 
hy >  metns  of  this  combination  witk  the  ;c»dde  ci 

lead 
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Icail,  and  the  denfity  and  homogeniety  it  commu- 
nicates to  the  vitrified  mafs,  that  the  glafs  is  ol> 
tained,  fo  ufeful  in  the  fabrication  of  aftronomi* 
cal  inflruments^  and  particularly  of  achromatic 
telefcopeS)  which  is  kndwn  by  the  name  of  flint* 
glafs,  and  of  which  the  preparation  is  only 
difficult  with  regard  to  the  fabrication  of  large 
maiTes ;  for  nothing  is  more  common  than  fmall 
portions  of  this  compofition.  Thi^  union  of 
lead  with  vitrified  fubftances  is,  in  many  othet 
relpe6ls,  likewife,  a  fubje^l  for  ufeful  and  valu- 
able refearcheiS  on  the  part  of  chemiftry. 

66.  The  alkaline  earths  and  the  alkalis 
unite  very  eafily  with  oxide  of  lead*  Citizen 
BerthoUet,  in  1788,  defcribed  the  combina* 
tion  of  the  oxide  of  lead  with  lime.  .  Lime*^ 
water  boiled  for  a  time  upon  the  femi-vitreous 
oxide  <Jf  lead,  or  litharge,  diffolves  this  oxide 
better  than  the  red.  When  the  folution  is  eva-* 
porated  in  a  retort,  it  affords  very  fmall  tranf- 
parent  irifed  cryftals,  not  more  foluble.  than  the 
lime.  The  alkaline  fulphates  decompofe  this 
kind  of  plumbite  of  lime ;  for  we  fee  here  that 
the  oxide  of  lead  performs  the  aftion  of  a  weak 
acid :  fulphuraled  hidrogen  gas  equally  decom-* 
pofes  it ;  the  fulphuric  and  muriatic  acids  preci'^ 
^itate  lead  in  the  form  of  fulphate  and  muriate* 
This  fame  folution  blackens  wool,  the  nails,  the 
hair,  the  white  of  an  egg^  and  tloes  not  a6l  on 
the  colour  of  filk,  of  the  fkin  or  of  the  yolk  of 
tgg'  Citizen  BerthoUet  obferves  alfo,  that  the 
mxj^fle  mixture  of  the  red  o^ide  of  lead  and 
Vol.  VI.  K  lime. 
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lime,  which  caufes  it  to  pais  to  a  white  colour, 
hlackens  animal  fubftances ;  and  as  this  mix- 
ture is  employed  to  tinge  hair,  he  announces 
with  reafon  that  it  is  lefs  noxious  than  the  fo- 
lutions  of  filver,  which  are  raflily  ufed  for  the 
fame  purpofe.  Neverthelefs  he  remarks,  that  it 
weakens  animal  fubftances,  and  that  this  weak- 
ening is  owing  to  the  lime,  becaufe  wool  does 
not  fuffer  more  from  the  mixture  of  the  oxide  of 
lead  and  lime  than  from  the  ad;ion  of  lime  alone. 

Bergman  had  obferved,  before  Citizen  Berthol- 
let,  that  cauftic  fixed  alkalis  diffolve  oxide  of 
lead;  and  this  is  obferved  in  the  precipitate 
of  the  folutions  of  this  metal  by  alkalis,  added 
in  excefs.  Chemifts  will  therefore  have  to  ex- 
amine the  combinations  of  thefe  bodies,  and  to 
determine  why  the  cauftic  alkalis  favour  the 
reparation  of  oxigen  from  the  oxides  of  lead,  as 
they  do  with  refpeft  to  feveral  other  metallic 
oxides,  as  I  have  obferved  in  many  of  the  pre- 
ceding articles. 

67'  Lead  does  not  aft  upon  the  fulphates ;  it 

differs  much  in  this  refpe6t  from  tin,  which  de- 

compdfes  them,  and  this  difference  arifes  from  its 

lefs  attraftion  for  oxigen.     It  bums  flowly  by 

the  afliftance  of  the  nitrates ;  and  when  upon 

melted  lead  flightly  ignited,  nitre  in  powder  is 

thrown,  very  little  commotion  is  excited,  and 

no  apparent  tlame :    after  the  aftion  betweeii 

thefe  two   bodies  is  terminated,    the  oxide  is 

found    in  fmall  yellowifli  fern  i- vitrified  plates 

fimilar  to  thofe  of  litharge. 

.  68.. There 


68.  There  is  a  fenfible  aftion  between  the  mu- 
riates and  lead,  and  this  a6lion  has  fucceflively 
given  rife  to  various  operations  of  chemiftry  and 
produ6ls  of  the  arts*  It  has  long  been  obferved, 
that  a  plate  of  lead  fteeped  in  water,  charged 
with  the  muriate  of  foda,  becomes  changed,  and 
foon  covered  with  a  white  cruft  of  oxide.  It  is 
alfo  known  that  the  red  oxide  of  mercury 
and  litharge  become  wliite  by  the  contaft  of 
muriate  of  foda,  wetted  or  even  difTolved 
in  water :  this  contact  by  time  and  agitation 
foniis  one  of  the  proce.ffes  fo  much  fought 
after  by  modern  chemifts  to  decompofe  marine 
ialt,  and  to  feparate  the  foda.  It  was  at  firft 
thought  that  only  part  was  decompofed  in  this 
procds,  and  that  little  muriate  was  formed; 
that  the  decompofition  is  greater  by  means  of 
heat,  and  that  it  was  by  this  means  that. the 
lemon^yellow  very  bright  muriate  of  lead  is  pre- 
pared in  fome  manufadbries,  which  has  lately 
been  much  employed  in  painting  under  the 
name  of  Englifli  yellow,  particularly  for  car- 
riages and  paper-hangings.    . .  ; 

Thefe  firft  notiojis  have  been  re6lified;  and  the 
hiftory  of  the  decompofition  of  marine  fait  by 
oxides  of  lead  has  been  entirely  enlightened  by 
the  later  experiments  pf  Citizen  Vauquelin. 
The  following  is  the  refult  of  his  works  upon 
thisobjedi;:  Seven  parts  of  litharge  well  pound- 
ed,, and  one.part  of  muriatjB  of  foda,  were  mixed 
together  or  mpiftened  with  a  quantity  of  water 
neceflary  to  give  them  the  confiftence  of  liquid 
fqup,  and  agitated  for  many  hours  to  facilitate 
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their  mutual  adion.     The  oxide  tecame  Mrhite 
with  increafe  of  volume,  and  the  mixture,  by 
abforbing  the  A\rater,   acquired   a  confiderable 
confidence.    After  having  added  new  quanti- 
ties of  water  for  four  days,  the  mafe  was  dif- 
fufed  in  feven  or  eight  parts  of  the  liquid,  and 
the  whole  was  then  filtered ;   the  fluid,  which 
was  perceptibly   alkaline,     contained   a    fmall 
quantity  of  muriate  of  lead  and  muriate  of 
foda  :  when  evaporated  to  one-tenth  of  its  vo- 
lume, it  aflbrded  cryftals  6f  carbonate  of  foda, 
tendered  opaque  by  fome  traces  of  muriate  of 
lead.     The  oxide  of  lead,  which  is  the  refidue 
of  this  lixivium,  had  gained  about  one-eighth 
of  increafc  of  weight ;    it  affumed  by   gently 
heat  a  fine  yellow  colour,  with  lofs  of  0,025 : 
it  was  infoluble  in  water.    Soda  dilTolved  a  por- 
tion of  oxide,  as  did  alfo  the  weak  nitric  acid* 
Thefe  fol vents  feparate  muriate  .of  lead   in  a 
pure  ciyftalline  form,  after  having  taken  up  the 
Oxide  of  lead.     Laftly,  this  mafs  remaining  af- 
ter the  treatment  of  marine  fait  by  lead  appeared 
to  poffefs   all  the   charafters  of  a  muriate  of 
lead,  containing  an  ex  cefs  of  oxide  of  the  fame 
metal. 

Citizen  Vauquelin  concludes  froni  thefe  ex- 
periments, (flf)  that  the  litharge  which  has 
ferved  to  decompofe  fait,  and,  in  fa£i,  does  de- 
compofe  it  completely  when  it  is  fiitficient  in 
quantity,  becomes  a  muriate  of  lead  with' ex- 
cefs  of  oxide;  (^)  tliat  the  cauftite ' alkalis  do 
not    decompofe    this   fait,     but    only  diflblve 
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it ;  (c)  that  the  attra6lion  of  the  muriate  of 
lead  for  an  excefs  of  oxide  of  this  metal  is  the 
caufe  of  the  decompofition  of  muriate  of  foda 
by  litharge;  (d)  that  the  excefs  of  oxide  gives 
to  the  ttHiriate  of  lead  the  property  of  afluming 
a  bright  yellow  colour  by  heat,  which  property 
is  not  poiTefled  by  the  fimple  muriate  of  lead ; 
(e)  that  the  fame  excefs  of  lead  renders  it  in- 
foluble  in  water;  (/)  that  this  excefs  may  be 
taken  from  the  fait  by  the  nitric  acid  which 
reduces  it  to  the  ftate  of  common  muriate  of  lead 
He  alfo  confirms  thefe  ufeful  indubious  by 
f^roving  that  cauftic  foda  does  not  decompofe 
the  common  muriate  o£  lead,  but  by  converting 
it  to  the  ftate  of  muriate  with  excefs  o£  oxide 
fo  well  known  by  its  pulverulent  form,  the  yel- 
low colour  it  acquires  by  heat,  and  its  decom-* 
pofition  by  nitric  acid,  which  changes  it  into 
nitrate  of  lead,  and  fimple  muris^tc of  lead.  It 
is  therefore  proved  that  the  oxide  of  lead  de- 
compofes  the  muriate  of  foda  by  double  attrac- 
tion, namely,  that  of  the  oxide  for  the  mu- 
riatic acid,  and  that  of  muriate  of  lead  for  an 
excdTs  of  oxide;  that  this  renders  it  neceffary 
that  a  large  quantity  of  oxide  fliould  be  prefent 
for  the  decompofition ;  that  five-fixth  parts  at 
leaft  are  employed  to  form  the  muriate  with 
excefs  of  oxide :  that  litharge  completely  de- 
compofes  fea-falt  when  its  quantity  is  fuflfici- 
ent ;  whereas  foda  never  completely  decompofes 
muriate  of  lead,  but  merely  reduces  it  to  the 
jdate  of  muriate  with  excefs  of  oxide,  though 

the 
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the  carbonate  of  foda  decompofes  this  fait  en- 
tirely, 

The  fame  chemift,  however,  hag  difcovered 
that  there  isalfoa  fulphate  and  a  nitrate  of  lead 
with  excefs  of  pxide^  and  probably  that  all 
tlie  falt3of  lead  prefentthe  fame  property  or  ca- 
pacity af  this  double  proportion ;-  that  when 
the  fulphate  and  nitrate  of  lead  are  decompofed- 
by  the  alkalis,  particularly  by  ammonia,  the 
fubftance  feparated  is  not  an  oxide,  but  a  true 
fait  with  excefs  of  oxide.  He  fufpefts  that  lime 
decompofes  .  the  muriate  oi  foda  by  the  fame 
mechanifm  of  fuperrfaturation,  of  the  muriate 
of  lime  in  its  bafis,.  and  the  fuperabundance  of 
lime ;  a  fa6l  which  agrees  >vith  what  I  have 
long  ago  anriounced  concerning  the  refidue  of 
the  decompofition  pf  fal  ammoniac  by  lime, 
which  I  ihowed  to  he  a  calcareQU^. muriate  with 
^?ccefs  of  baff. 

The  decompofition  of  ammoniacal  muriate 
by  le^d,  and  particularly  by  its  oxide,  has  been 
long  knowp  jn  the  laboratories  of  chemiftry, 
The  oxides  of  this  metaj  triturated  with  the  fal^ 
in  a  mortar,  without  heat,  difengage  the  am-r 
monia,  which  is  very  perceptible  by  its  imme- 
diate and  powerful  odour.  By  diftilling  a  mix- 
ture of  one  part  of  the  red  oxide  pf  lead,  and 
two  parts  of  muriate  of  ammonia  in  a  retort, 
very^ure  and  highly  cauftic  ammonia  arc  ob- 
tained. If  the  minium  has  remained  a  long 
time  expofed  to  the  air,  it  affords  a  fmall  quan- 
tity of  carbonate  of  ammonia  in  this  opera 

tion 
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tion :  if  native  or  artificial  carbonate  of  lead 
be  ufed,  the  ammoniacal  carbonate  is  obtained 
in  cryftals  by  fublimation.  The  refidue  of  this 
diftillation  is  muriate  of  lead,-  which  does  not 
differ  from  that  prepared  by  the  before-mentioned 
procefs.  This  refidue  of  the  decompofition  of 
muriate  of  ammonia  by  the  oxide  of  lead  was 
fonnerly  much  employed,  and  particular  vir- 
tues were  attributed  to  it.  There  is  no  differ- 
ence between  it  and  the  ordinary  muriate  of 
lead,  and  it  is  only  as  the  muriate  that  it  is  em- 
plo3''ed  in  the  various  operations. 

69*  The  fuper-oxigenated  muriate  of  pot- 
aih  burns  lead  with  much  more  aftivity  than 
nitrate  of  pot-afh.  A  mixture  or  three  parts 
of  the  fait,  and  one  part  of  lead,  fulminates  by 
a  blow  of  the  hammer,  and  prefents  a  ftrong 
flame.  When  an  inflamed  body  is  brought  near 
this  mixture  it  takes  fire,  though  with  little 
energy;  and  in  this  manner  a  white  and  very 
'pure  oxide  of  lead  may  be  obtained,  fiom 
whixrh  muriate  of  pot-aih  may  be  fepalated  by 
water.  The  phofphates,  the  fluates,  the  borates, 
and  carbonates,  undergo  no  change  from  lead, 
nor  do  they  produce  any  change  in  that  fub-; 
ftance ;  they  are,  however,  combined  with  the 
oxides  of  this  metal  by  fufion  with  the  blow* 
pipe,  fo  as  to  afford  yellowiili  or  grey  glaffesi 
either  opaque  or  tranfparent, 
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'fO.  No  metal  is  more  frfequently  employed 
than  lead,  and  unfortunately  there  is  no  metal 
more  dangerous  to  the  animal  economy.  Refer- 
voirs,  pipes,  veffels  in  which  water  is  preferved  or 
transfufed,  are  enemies  Avbich  inftantly  threaten 
pur  health.  Dreadful  examples  have  ihown  that 
the  ufe  of  this  metal  in  the  ordinary  purpofes 
of  life  is  frequently  produftive  of  colic,  jaun- 
dice, diforders  of  the  liver,  palfy,  and  other 
afFeftions,  which  are  the  more  ferious  as  thecaufe 
is  frequently  concealed  or  unfufpe6ted.  It  would 
therefore  b0  an  a6l  of  wifdom  to  profcribe  this 
metal,  at  leaft,  in  economical  ufes  where  it  is 
but  too  frequently  applied, 

71.  The  deleterious  efFe6ls  which  lead  pro* 
duces  inman  and  animals  intitle  it  to  be  ranked 
among  narcotic  or  ftupefying  bodies :  hence  the 
term  or  conclufion  of  its  poifonous  a£iion  is 
palfy,  which  cannot  be  cured  but  by  tonic,  ex- 
citing, or  ftimulating  remedies,  more  particu- 
larly by  eledricity ;  and  the  extreme  pains  of 
that  particular  fpecies  of  colic  charaderized 
by  vopiiting,  and  the  retra6tion  of  the  navel 
which  it  occafions,  give  way  to  powerful  eva- 
cuents,  fuch  as  antimonial  remedies.  We  muft 
here  remark  that  lead  produces  thefe  difeafes, 
whether  it  exhales  during  its  fufion  a  vapour  in 
the  air,  admitted  into  the  fyftem  by  refpiration, 

3  or 
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or  whether  the  powder  of  this  metal  be  difFufed* 
in  the  atmofphere,  or  its  particles  be  emitted 
from  oil  paiats  in  the  a6i;  of  drying  ;  or  laftly, 
whether  the  water  fufpends  a  portion,  particu- 
larly by  meana.  of  carbonic  acid.  TJie  evils  to 
be  feared  from  this  fource  when  wine  was  kept 
in  veflels  of  lead  are  truly  dreadful,  as  may  be 
eafily  deduced  from  the  remark  that  by  its  mere 
paliage  acrofs  the  leaden  covering  of  the  counters 
of  the  fellers  of  wine  were  corroded  into  very  per- 
ceptible  excavations  by  what  was  fpilled  upon 
them ;  the  fame  remark  is  ftilV  more  cogent 
againfi  thecuftom  of  meafuring  vinegar  in  leadeu 
veflels,  which  produce  a  conflant  danger  of  poi- 

fon.     Tin,  which  contains  much  lead,  is  alfo 
noxious,  particularly  when  it  is  ufed  to  retain 

acid  liquors. 

72.  Hence  it  becomes  difficult  to  conceive  the 
degree  of  imprudence  which  caufed,  and  the  evils 
which  might  have  followed,  the  advice  of  cer- 
tain phyficians  who  have  propofed  the  internal 
ufe  of  lead  in  feveral  diforders.  Enlightened 
,  phyficians  never  prefcribe  it  internally,  but  ad- 
minifler  it  externally  only  as  a  topical,  fedative, 
anti^inflammatory  repellent.  They  are  at  the  fame 
time  very  circumfpe6l  in  the  external  applica- 
tion of  this  medicine ;  they  are  aware  that  when 
it  is  ufed  in  diforders  of  the  fkin,  confift- 
ing  of  fwellings  or  eruptions,  it  is  frequently 
dangerous  to  heal  them,  or  repel  the  humours 
which  contain  it.  Men  without  ability  or  in- 
formation,  who  prefcribe  external  applications 

'  of 
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of  lead  in  thofe  diforders,  are  guilty  of  the  moft 
ierious  attack  upon  the  public  fafeity,  and  phy- 
ficians  of  fkill  are  frequently  called  in  to  heal 
or  mitigate  the  evils  produced  by  the  unfkilful- 
nefs  and  audacity  of  fuch  men.  Experience 
and  reafon  have  proved,  that  fulphureous  pre- 
parations are  the  moft  certain  remedy  for  affec- 
tions of  that  defcription. 

73.  Lead  is  much  more  ufeful  in  the  arts, 
where  it  does  not  produce  the  fame  terrible  in- 
conveniences Mhich  follow  its  application  in 
the  purpofes  of  life.  The  covering  of  build-* 
ings,  pipes  to  condu6l  rain-water,  refervoirs, 
and  veffels  to  contain  the  different  baths  for 
dyeing,  are  among  the  principal  fervices  it  ren- 
ders to  focietv.  Lead  is  ufed  to  line  the  cham- 
bers  in  wliich  fulphur  is  burned  to  fabricate  the 
fulphuric  acid.  Tea-chefts,  tobacco-boxes,  &c. 
are  lined  with  this  metal,  in  order  to  preferve 
their  contents  from  drying,  or  from  the  Ibfs  of 
their  odour.  It  is  alfo  ufed  to  make  balls  for 
artillerv. 

74.  Lead  is  ufed  as  the  raw  material  of  fe- 
veral  different  manufactures.  From  this  metal, 
as  I  fhall  elfewbere  obfcrvc,   are  prepared  white 

^  lead,  cerufe,  the  acetite  called  fait  or  fugar  of 
lead,  red  lead,  or  minium,  together  with  the 
yellow  femi-vitrified  oxide,  or  litharge,  which 
are  ufeful^  in  glafs  work,  in  enamel,  in  the 
glazing  of  pottery  and  porcelain,  the  prepa- 
ration of  coloured  glaffes  and  falfe  jewellery. 
The  oxides,  arc  employed  in  the  extraftion  of 

foda, 
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toQsLy  the  fabrication  of  various  colours,  and 
particularly  yellow.  Lead  is  mixed  with  va- 
rious other  oxides,  to  render  them  vitrifiable  or 
to  modify  their  colours. 

75.  Laftly,  this  metal  is  a  body  of  the  greateft 
ufe  to  chemifts  in  their  experiments.  It  is  not 
only  ufed  to  form  utenfils,  fuch  as  weights,  re- 
torts, tubes,  capfules  for  flow  evaporation,  the 
furniture  of  pneumato-chemical  veffels,  but  it 
is  likewife  the  perpetual  fubjeft  of  experiments 
ax^d  refearches ;  its  oxides  are  the  medium  of 
vitrifications,  and  its  folutions  are  re-agents ; 
its  alloys  are  advantageous  inftruments  ;  and  its 
attractions  alfo  become  the  means  of  a  variety 
of  decompofitions  and  combinations. 


Ab^ticle    XVIIL 


Concerning  Iron. 


A.     Hijlory, 


1.  IRON,  formerly  confidered  by  chcmifts 
as  an  ignoble  and  vile  metal,  is  neverthelefs  the 
moft  important  and  moft  ufeful  of  all  metallic 
fubftances.  Without  this  metal  no  art  could  have 
arifen  :  man  had  remained  in  the  favage  ftate, 
and  difputed  for  his  food  by  brute  ftrength  with 
the  other  animals.  Without  this  metal,  agri- 
culture could  not  have  exifted,  nor  could  the 

plough 
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plough  have  rendered  the  earth  fertile.  With- 
out iron,  all  the  other  metals  would  have  been 
of  no  utility ;  for  it  is  by  means  of  this  agent 
that  they  receive  their  varied  forms  and  dimen- 
fions.  Iron  alone  may  be  confidered  as  the  re- 
prefentative  of  every  other  metal ;  it  may  be 
fubftituted  in  the  place  of  any  of  them,  hut 
iio  metal  can  afford  a  fubftitute  for  iron! 
Though  the  fcarcity,  the  brilliancy,  and  dura- 
bility of  gold  and  filver  may  place  them  in  a 
higher  rank  in  thefe  refpe6^s,  yet  the  fervice 
which  iron  renders  to  fociety,  entitles  it  to  a 
higher  degree  of  eftimation  in  the  minds  of 
men  who  are  accuftomed  to  think  with  juftice 
and  propriety.  It  is  true  that  it  does  not  fhine 
with  a  fplendour  equally  ftrong ;  nature  has  not 
decorated  it  with  fo  beautiful  a  colour,  but  its 
intimate  properties  are  much  more  precious. 
All  the  other  metals  might  in  truth  be  difpenfed 
with ;  but  iron,  on  the  contrary,  is  indifpen- 
fible  and  neceffary.  The  condition  of  huma- 
nity would  be  truly  miferable  without  this  metal, 
as  is  proved  by  the  hiftory  of  thofe  people 
with  whom  the  art  of  working  it  is  ftill  un- 
known, and  who  with  joy  aiid  exultation  ex- 
change the  gold  with  which  theiT  country  is 
enriched,  for  morfels  of  iron  which  happier  and 
more  cultivated  nations  bring  to  them  in  ex* 
change. 

2.  The  philofopher,  accordingly,  while  he 
ftudics  the  progrefs  of  the  human  underftand^ 
ing^  and  compares  the  fortune  and  ftate  of  the 

different 
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different  nations  eftablillied  on  various  portions 
of  thfe  furface  of  the  globe,  will  remark,  that 
their  iron-work«  feem,  in  fome  ipeafure,  to  be 
proportioned  to  their  intelligence,  to  the  ad- 
vancement of  reafon  among  them,  and  the 
degree  of  perfeftion  to'  which  the  arts  have  ar- 
rived. When  we.confider  it  in  this  point  of  view, 
as  the  agent  by  which  men  in  the  variety  of  its 
ufes,  and  the  numerous  wants  it  fupplies;  acquire 
enjoyments  which  would  be  unknOAni  to  them 
if  they  did  not  poflefs  thefe  produfts  of  their  in- 
duftry,  iron  miift  Angularly  contribute  to 
extend  their  ideas,  to  multiply  their  know- 
ledge, and  to  condu6l  their  fpirit  towards  that 
perfedibility  which  nature  has  given  no  lefs,  as 
the  charadler  of  the  human  fpecies,  than  as  the 
fource  of  all  the  advantages  it  can  enjoy.  Iron 
compofes  the  firft  infirument  of  machines,  and 
the  firft  mover  of  mechanics.  In  the  hands  of 
men  it  governs,  and,  as  it  were,  fubdues  all  the 
produ6ts  of  nkture.  In  fucceffive  obedience 
to  his  power,  we  behold  it  change  their  form, 
and  their  properties  by  the  perpetual  influence 
it  exercifes  upon  them.  In  a  word,  it  is  the 
foul  of  all  the  arts,  and  the  fource  of  almoft 
every  beneficial  produ6l;  the  perfection  of 
works  in  iron  is  everywhere  the  term  or  indica- 
tion of  intelligence,  the  fign  of  thehappinefs  and 
profperity  enjoyed  by  man  on  the  face  of  the 
globe.  It  feems  as  if  nature  had  connefted  the 
lot  of  humanity  in  a  peculiar  manner  with  the 
numerous  properties  of  iron,  by  prefentin^g  thii 
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metal  in  almoil  every  iituatlon,  diffufed  in  the 
greateft  abundance,  almoft  conftantly  upon  the 
furface  of  the  globe,  eafy  to  be  found,  and  not 
concealed  in  its  bowels,  as  moft  other  metallic 
fubftances  are,  at  greater  or  lefs  depths.  Though 
the  poets  have  charaflerized  the  firft  epocha 
of  the  corruption  and  mifery  of  fociely,  by  the 
name  of  the  iron  age,  philofophers,  on  the  con- 
trary, have  difcerned  in  the  epocha  at  which 
this  metal  was  wrought,  a  true  renovation  of 
the  human  fpecies.  In  their  opinion,  the  nu  m 
berlefs  advantages  which  this  labour  has  pro- 
cured, greatly  preponderate  over  the  difficulty, 
and  even  the  hardffiip  of  the  labour  neceffary  to 
procure  it. 

3.  Though  a  thoufand  fa6ls  in  hiftory  prove, 
that  the  ancients  were  not  acquainted  with  the 
art  of  working  iron  like  the  modern  nations, 
the  hiftorians  of  chemiftry  have  neverthelcfi 
placed  the  infancy  of  their  fcience  among 
the  firft  operators  at  the  forge,  whofe  exifience 
they  have  admitted  almoft  in  the  firft  ages  of 
the  world.  It  is  commonly  fuppofed,  in  the 
political  annals  of  nations,  that  the  ancients 
made  much  more  ufe  ^  of  copper  than  of  if  on, 
becaufe,  the  traces  of  their  exiftence,  and  the 
remains  of  their  induftry,  which  have  been  dug 
up,  as  well  as  the  literary  monuments  of  their 
cuftoms,  exhibit  moft  of  the  inftruments  and 
utenfils  in  copper,  which  are  fabricated  in  if  on 
in  modern  times.  But  fufficient  attention  has 
not  been  paid  in  this  eftimate  of  the  ancient  arts, 

to 


iiioir:  143 

io  the  eafy  deftru6libility  of  iron,  or  at  leaft,  the 
much  greater  durability  of  copper  and  its  alloys. 
No  doubt  the  Greeks  and  Romans  made  ufe  of 
iron,  much  feldomer  than  copper,  in  moft  of  the 
circumftances  of  life ;  this  is  proved  by  move- 
ables of  every  defcription,  Vhich  refearches  by 
digging  into  the  ground  of  the  countries  they 
inhabited,  ferve  every  day  to  difcover.  But 
though  the  adion  of  ruft,-  by  deftroying  their 
utenfiis  and  machines  of  iron,  and  leaving  thofe 
of  brafs  or  copper,  feems  to  give  the  advantage 
of  the  latter  beyond  the  former,  too  many  paf- 
fages  in  the  writings  of  their  hiftorians,  their 
poets,  their  orators,  and  their  philofophers, 
which  have  been  tranfniitted  to  us,  prove,  that 
they  knew  how  to  work  iron,  and  to  give  it  the 
various  forms  and  ftates,  to  allow  us  to  doubt 
the  advancement  to  which  they  in  fa6l  arrived 
in  thofe  works.  Their  battles,  fo  frequent  and 
fo  deftruftive,  with  iron  weapons,  alone  afford 
-an  unanfwerable  proof,  even  if  a  multitude  of 
monuments  did  not  alfo  afford  it. 

4.  Alchemifts  have  qualified  iron  with  the 
name  of  Mars,  by  confecrating  it  to  the  God 
of  War,  in  whofe  fervice  it  has  been  employed. 
Its  chara6i:eriftic  fign,  as  well  as  that  of  the  pla* 
net,  was  a  circle  furmounted  with  the  prolonged 
fign  of  acrid  or  corrofive,  or  a  kind  of  barbed 
point  of  a  dart  inclined  to  the  right.  Theal- 
chemifls  intended  to  exprefs  by  this  fign,  that 
with  the  defignation  of  gold,  which  they  fup» 

pofed   it  to  contain,  though  profoundly  con- 
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cealed,  iron  itfelf  poffeffed  an  aci-id  quality,  iii 
a  certain  degree,   fuperabundant,  very  evident 
and  predominating ;  and  accordingly,  this  qua- 
lity prefented  itfelf  the  firft  in  the  fign  of  which 
it'compofed  the  moil  ftriking  pait.     From  the 
denomination  of  Mars  given  to  iron,  natiirally 
flowed  the  appellation  martial,  which  has  been 
fucceflively  attributed  to  numerous  preparations 
made  with  this  metal.     There  is.not  in  fa6l,  any 
metal  which  has  been  more  tormented  by  che- 
mical agents,  or  fubje6lcd  to  more  experiments 
and  refearches ;  and  a  lift  of  ferruginous  com- 
pounds  and   varied  forms,  which  have   been 
communicated  to  it,  for  the  purpofe  of  curing 
diforders,  would  alfo  be  faftidious  and  of  ndufe 
in  the  adlual  ftate  of  the  fcience.     The  adepts 
had    founded    greater   hopes,    and   conceived 
more  elevated  projeds  refpeding  its  medicinal 
properties,  and  even  concerning  the  univerfal 
medicines  extrafted  from  iron,  than  the  alchc- 
mifts  had  indulged  with  refpeft  to  their  chime- 
rical and  abfurd  hopes,  of  ufing  it  in  the  difco« 
very  of  the'  great  work,  or  philofbphers  fton& 
Though  the  pretenfions  of  each  of  thefe  have 
been  equally  deceitful,  it  is  eafy  to  be  prefumed, 
that  their  laborious  refearches  were  not  without 
advantages  with  regard  to  chemiftry.     In  this 
department  of  inquiry,  though  they  never  foimd 
what  they  fo  affiduoufly  fought  after,  they  often 
difcovered  that  which  they  did  not  feek,  and 
though  they  were  very  remote  from  the  expeded 
refult  of  their  labours,  they  neverthelefs,  gra- 
dually 
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dually  advanced  to  that  of  triie  philofophers  and 
men  of  fcknce* 

5.  Syftematical  authors  of  chemiftry  have 
availed,  themfelves  of  thofe  laborious  efforts. 
They  h^ve  arranged  the  difcoveries  which  in  a 
certain  refpeft  efcaped  the  poffeffipn  of  alche- 
mifts  and  adepts.  They  deduced  general  refulta 
refpefting  the  properties  of  iron;  they  united 
them  methodically,  and  compofed  a  regular 
fyftem  by  adding  the  numerous  and  ufeful  ob- 
fervations  of  mineralogifts,  affayers,  and  metal- 
lurgifts,  who  alfo  have  Angularly  multiplied 
their  experiments  on  the  different  fiates  of  this 
metal,  its  natural  combinations,  the  means  of 
feparating  and  obtaining  it  pure,  or  of  giving 
it  thofe  various  properties  which  render  its  hif- 
tory  fo  remarkable,  and  its  ufes  fo  important^ 
Thus  it  was  that  the  immenfe  coUedion  of  fafts 
which  comprehended  the  ftudy  of  iron,  and 
which  are  condenfed  or  collected  iii  many  works 
profeffedly  written  on  this  metal  were  made* 
For  there  is  no  metal  which  has  been  indivi- 
dually treated  by  a  greater  number  of  authors, 
fuch  as  Swedeuburg,  Bouchu,  and  Courtivron, 
Reaumur,  Rinman,  Bergman,  and  a  multitude 
of  others  which  it  would  be  ufelefs  to  mention 
in  this  place* 

(5,  la  every  period  of  chemical  fcience,  and 
in  all  the  various  revolutions  to  which  it  has 
been  fubjefted,  iron  has  been  the  more  particu- 
lar objeft  of  operations  more  or  lefs  complete, 
and  the  fubjeft  of  valuable  difcoveries.     This 
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metal  itfelf  being  cbnneaed  with  the  princrfwif 
and  moil  ftriking  eveftts  of  natural  philofophy, 
has  alfo  been  of  the  utmoft  confeqaence  in  the 
difcovery  of  the  mariner's  compafs,  and  confe- 
quently  of  navigation.  It  is  the  only  metal 
which  has  been  thought  to  be  dire&ly  and 
immediately  compofed  by  the  union  of  earth 
and  fire.  As  it  is  found  in  every  accurate  ana- 
lyfis  of  all  the  various  claffes  of  bodies,  and 
exhibits  every  poffiblfe  colour  by  the  proceflb 
of  chemical  art,  it  has  been  confidered  as  one 
of  the  primitive  and  neceffary  principles  of 
bodies ;  it  has  been  admitted  as  the  colouring 
tiiatter  of  ftones,  from  the  moft  precious  to  the 
moft  common ;  it  is  the  ingredient  which  give* 
all  the  colours  of  vegetable  ftruftures,  however 
brilliant  or  dull,  and  it  is  the  tinging  matter  to 
which  the  blood  of  animals  owes  its  brilliant 
t^urple  colour.  Philofophers,  not  content  to 
charafterize  it  by  its  exclufive  property  of  mag- 
netifm,  as  the  refer\^oir  of  the  fluid  to  whicfe 
this  force  is  attributed,  a  force  that  in  a  certain 
refped  conftitutes  animation  in  mineral  bodi£^, 
though  it  is  at  prefeht  wtell  afcertained  that 
C6balt  and  nickel  partake  of  this  aftottifhing 
property,  have  traced  and  difcoVered  iron  iti 
the  tubes  of  vegetables ;  they  have  found  it  in 
their  aihes ;  they  have  pointed  it  6ut  as  the 
caufe  of  their  colour ;  iand  by  exhibiting  it  klfb 
iii  the  texture  of  animal  matters,  they  have  pfd- 
teeded  t6  attribute  eithier  wholly,  or  in  part,  t^ 
this  metal  the  exiftence  of  the  aSlive  and  moft 
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incotnprehenfible  power  which  maintains  the  life 
of  animals ;  and  if  the  new  and  delicate  expe- 
riments of.  Scheele  had  not  taught  us  that  man* 
ganefe  which  almoft  always  accompanies  it, 
does  likewife  partake  of  this  property,  we  might 
have  affirmed,  not  only  as  Citizen  Haiiy  ob-r 
ferves  when  fpeaking  of  minerals,  that  when 
nature  takes  the  pencil,  iron  is  always  the  colour 
flie  ufes ;  but  we  might  alfo  have  afcertained, 
that  when  ihe  determines  to  paint  plants,  ta 
give.them  thofe  various  tones  of  colour  which 
fix  her  attention,  and  even  to  heat  and  to  move 
the  organs  of  animals,  iron  is  always  the  agent, 
the  inftrument,  and  the  moving  power  which 
flie  charges  with  thefe  important  funftions. 

7.  The  number  of  chemifts  who  have  mad^ 
importaht  difcoveries  on  iron,  or  who  have  fuc- 
ceflively  examined  its  properties  and  combina- 
tions, is  fo  confiderable  that  it  would  be  impof- 
fible  to  enumerate  them  in  this  place ;  and  even 
if  we  were  to  attempt  this  long  enumeration, 
no  real  advantage  would  be  derived  from  it.  It 
is  much  more  effential  to  know  in  general,  that 
moft  chemifts  have  added  one  after  the  other 
fo^ie  faSs  to  its  hiftory,  and  that  there  i§ 
fcarcely  one  who,  fince  the  end  of  the  laft  ce^j*- 
tury,  has  not  had  occafion,  in  the  courfe  of  his 
operations,  to  obferve  fome  new  objeA  refpe^ling 
this  metal ;  that  among  thefi^  laborious  men  w^ 
muft  particularly  diftinguifh  Lemery,  Stahl, 
GeofFroy,  Hellot,  Macquer,  Monnet,  Baurn6, 
Bayeiiiy   Scheele,  Bergman,   and  Rinnut^u,  who 
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have  niade  the  nioft  confiderable  refearches,  the 
moft  cormecled  inquiries,  and  the  moft  valuable 
difcoveries  refpecling  iron  ;  that  fince  the  efta- 
bhlljment  of  the  pneumatic  doftrine,  Lavoifier 
and  Citizen  Berthollet  have,  by  ingenious  ar^ 
rangements,  and  by  accurate  experiments,  con- 
nefled  all  the  fa6ls  formerly  known  to  the  bafes 
of  the  modern  theory;  that  thefe  fa6ls  have  af- 
forded the-  French  chemifts  ftill  ftronger  and 
more  convincing  proofs  of  their  doftrine  ;  that 
all  the  difcoveries  which  have  fince  been  made, 
particularly  of  Citizen  Monge,  Vandermoude, 
and  BerthoUet,  on  the  principal  ftates  of  iron, 
and  on  the  fubftance  hitherto  named  plumbago, 
as  well  as  thofe  of  Ingenhouz,  on  the  combuf- 
tion  of  iron  in  oxigen  gas ;  of  Vanmarum  on  its 
inflammation  by  the  eleftric  ihock;  of  Citizen 
Delarbre  on  the  iron  of  Volvic  ;    of  Citizen 
Vauquelinon  that  of  Elba,  &c.  have  added  ilill 
more  to  ihe  evidence  and  the  folidity  of  the 
proofs  already  collefted  refpeding  the  truth  of 
this  do6trine;  and  laftly,  as  we  fhall  fee  in  the 
whole  of  this  article,    the  hiftory  of  iron  has 
gained  much  in  perfpicuity,  precifion,  and  firm- 
nefs,  by  the  accurate  application  which  may 
continually  be  made  to  the  pneumatic  theory 
refpecling  it. 

8.  That  which  diftinguiihes  iron  more  efpecially 
from  every  other  metallic  fubftance,  and  renders 
its  literary  hiftory  more  extended  and  frequently 
more  emmbarrafled ;  that  \\4iich  even  appears 
fometimes  to  prefent  in  the  compofition.of  .tl>e 
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fa£isy  contradi6lions  or  oppofitions,  difficult  at 
iirft  to  be  reconciled,  is,  that  this  metal  is  found 
and  can  exift  infeveral  ftates  very  different  from 
each  other ;  that  in  each  of  thefe  ftates  it  ap-^ 
pears  to  be  very  different  from  itfelf,  to  prefent 
contradiftory  properties,  and  to  perform  the 
funftions  of  feveral  different  metallic  fubftances. 
Accordingly  Bergman,  one  of  the  chemifts  who 
has  confidered  the  fcicnce  moft  philofophi- 
caily,  has  doubted,  after  a  profound  examina- 
tion, whether  we  ought  not  rather  to  confider 
it  as  conftituting  feveral  metals  more  difflerent 
from  each  other,  than  fome  of  thofe  which  are 
diftinguiihed  more  generally ;  and  whether,  in 
this  point  of  view,  cobalt,  nickel,  and  platina, 
be  not  even  fpecies  of  iron.  All  the  world  knows 
that  marked  diftin<5lions  exift,  as  well  in  their 
properties  as  ufes  between  crude,  or  caft  iron, 
iron  ]) roper ly  fo  called,  and  forged  iron,  and 
laftly  fteel.  In  each  of  thefe  three  ftates  the 
iron  prefents  a  great  number  of  varieties,  which 
difi^er  more  or  lefs  from  each  other  in  feveral  of 
their  comparative  properties.  Hence  it  is  that 
iron,  which  in  all  its  feveral  ftates  varies  in  its 
colour,  its  texture,  its  hardnefs,  its  tenacity, 
its  du6lility,  and  its  weight,  anfwers  fo  many 
different  purpofes  in  the  arts,  and  is  a  fubftitute 
for  many  very  different  metallic  fubftances. 
But,  notwithfianding  its  numerous  varieties,  it 
is  well  known  at  prefent  that  therfe  is  but  one 
fpecies  of  iron  ;  tliat  when  it  is  very  pure  it  is 
conftantly  the  fame  ;  that  in  its  feveral  ftates  it 
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is  combined  or  alloyed  with  fcveral  different  fub- 
ftances ;  that  thefe  ftates  or  modifications  muft 
be  regarded  as  particular  compounds,  and  the 
rank  which  they  ought  to  occupy  afcertained 
by  the  order  of  their  compofition.  I  Ihall 
therefore  treat  of  iron  properly  fo  called,  pure, 
foft,  and  duftile  iron,  in  this  article  ;  atid  the 
varieties  of  hot  and  cold  fhort  iron,  bf  different 
caft  iron  and  fteels,  Ihall  be  treated  in  itshiftory 
as  true  combinations,  which  prefent  themfelvcs 
to  be  examined  in  the  methodical  feries  of  fafts 
^yhich  this  hiftory  will  contain. 

B.  Phijifical  Properties. 

9,  Irox  poffefTes  a  peculiar  metallic  brill i* 
ancy,  When  we  wifli  to  defcribe  its  colour,  we 
are  obliged  to  fay  that  it  is  white,  rather  livid, 
inclined  to  grey  and  to  blue.  \n  its  texture 
it  is  formed  of  fmall  fibrous  threads,  or  fmall 
grains  and  fmall  plates  very  pointed.  Tillet  af- 
firms, neverthelefs,  that  under  the  microfcope 
we  fee  a,  great  number  of  pores  or  fmall  cavities 
more  perceptible  than  in  copper.  It  appears 
th^t  its  interior  texture,  as  lliownin  itsfradlure, 
which  is  more  or  lefs  fibrous,  granulated  or  la,* 
mellated,  depends  much  on  the  method  of  its 
cooling,  the  preffure  it  has  undergone,  the  man- 
ner of  treatment,  and  the  heat  under  which  it 
has  been  forged  or  (truck,  as  we  fhall  elfewhere 
obferve  in  the  examination  of  all  its  other  phy- 
^c^l  properties,   . 

10.  The 
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I  Or  The  fp£ci£ic  gravity  of  iFpa  of  the  middlp 
term  }5  iu  general  7^600,  varying  in  fa6i  between 
certain  limijs,  as  m^y  be  feen  by  confulting  the 
tablp^  pf  ]V|ufchenbroeck,  Swedenburg,  Brilfon, 
^nd  m^-ny  other  philofophers.  In  this  cqlleSion 
pf  numerpus  refults  we  find  it  marked  from 
7^60P,  to  7,895,  and  even  8,166:  it  is  placc4 
imwe^iatejy  after  tin.  The  hardnefs  of  this  met^ 
i^  greater  than  that  of  any  other  fubftance  of 
^hi^  order;  ?Lnd  accordingly  authors  place,  it 
}n  jthe  {\yA  rank  as  to  this  property.  On  account 
of  its  hardnefs,  it  i?  ufed  to  grind,  cut,  faihipn, 
engrave,  and  file  moll  natural  bodies,  ftones, 
woQ'd,  at^d  particularly  the  other  metals.  It  is 
alfo  the  mod  elaftic  of  metals,  and  is  therefore 
preferred  to  all  the  others  for  fpriqgs  of  every 
defcriptioH. 

11.  The  duftility  of  iron  is  alfp  very  confir 
derabl6 ;  but  it  is  in  fome  fort  of  a  particular 
Jcind,  pr  rather  it  is  limit:ed  by  its  exceffive 
hardnefs,  or  the  cohefion  of  its  particlejSt 
Though  thefe  adhere  much  more  ftrongly  than 
moft  pf  the  other  metallic  fubftauces,  it  cannot 
be  iD^de  iato  plates  as  thin  as  are  formed  of  fe* 
veral  other  of  tlie  latter  ;  the  thipnefi  flieet  iron 
13  ipt  faO;  i^uch  thiclgsr  than  very  coarfe  leaves  of 
lead  or  tin.  For  this  reafon  iroji  is  commonly 
pUced  in  the  fourth  rank  among  metals  as  to 
its  duj&ijity,  aaifl  this  plajce  is  giy.en  o^  ac^count 
pf  it$  4^^Hty  in  the  >vire-dra\f/ers'  pities.  Its 
malleability  is  very  lipiited  on  account  of  its 
firmneft,  fp  th?it  its  ^n^iljty  ;s  Hujp)i  joofe  emi- 
nent 
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nent  and  remarkable.  It  is  kno^vn  that  iron 
wires,  almoft  as  flender  as  hairs,  are  drawn,  and 
that  perukes  are  made  of  them.  It  is  alfo  known 
that  a  wire  of  this  metal,  of  one-tenth  of  an 
inch  in  diameter,  fupports  the  weight  of  four 
hundred  and  fifty  pounds  before  it  breaks,  which 
(Cannot  be  done  with  any  other  metal,  not  even 
copper  and  platin a,  which  approach  the  neareft 
to  it.  Mufchenbroeck,  by  examining  ia  paral- 
lelopipedon  of  iron,  of  one-tenth  of  an  inch  in 
diameter,  was  obliged  to  ufe  a  force  of  feven 
hundred  and  forty  pounds  to  break  it;  and  he 
remarks  on  this  occafion,  that  a  fimilar  piece  of 
iron  forged  of  horfe-fhoe  nails,  which  bad  re- 
mained for  fome  time  in  the  hoof  of  a  horfe, 
did  not  exhibit  a  greater  tenacity.  This  opi- 
jiion  is  therefore  a  prejudice  which  arifes  only 
from  the  goodnefs  and  purity  of  the  iron  made 
life  of  for  forging  thofe  nails. 

12.  Every  one  knows  the  read inefs  with  which 
iron  heats,  and  the  great  force  of  this  metal  as 
a  conduftor  of  caloric.  Though  there  is  not 
any  exact  term  of  comparifon  of  this  property 
of  iron  with  that  of  other  metallic  matters,  it 
appears  that  it  is  not  very  ftrong  in  iron.  In 
faft,  it  refultS'from  the  experiments  of  Muf- 
chenbroeck on  the  dilatability  of  thefe  bodies 
by  heat,  that  an^  iron*  wire,  expanded  by  the 
heat  of  boiling  Vi^ater  through  a  fpaqe  exprefled 
by  73,  while  that  of  a  fimilar  wire  in  bulk  of 
lead  gives  164;  of  tin  1£4  ;  of  copper  84. 
Caffini  has  eftimated  the  proportion  of  the  dila- 
tability 
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lability  of  iron  t6  that  of  copper  as  !10  to  \7i 
or  as  27  to  46.  G.  Juan,  by  expofmg  rods  or 
"bars  of  different  bodies,  three  feet  in  length,  to 
the  rays  of  the  fun  in  Peru,  while  the  mercurial 
thermometer  ftood  at  ten  degrees  of  Reaumur, 
obferved,  that  iron  dilated  0,137  of  a  line;  fteel 
OjlSfj  copper  0,19x;  glafs  0,037;  and  a  ftone 
0,02.  Mufchenbroeck  has  concluded,  from 
thefe-<^xperiments.  that  among  the  metals  tin 
dilates  the  moft  fpeedily,  after  M^hich  in  fuc- 
ceflion  comes  lead,  filver,  copper,  and  iron. 

13.  Iron  is  one  of  the  moft  hifufible  metals-  It. 
formerly  was  confidered  as  the  moft  difficult  to 
fufe;  but  we  at  prefent  pofitively  know,  that 
manganefe  and  platina  require  a  more  elevated 
temperature,  or  a  more  confiderable  accumula- 
tion of  caloric  to  be  fufed.  Its  fufion  is  eftimated 
at  130  degrees  of  the  thermometer,  or  pyrome- 
ter of  alumine  of  Wedgwood.  Mortimer  indi- 
cates this  temperature  at  I6OO  degrees,  no 
doubt,  according  to  the  graduation  of  Faren- 
heit.  Iron  becomes  ignited  long  before  it 
melts  ;  and  four  degrees,  at  leaft,  of  rednefs  are 
diftingniflied  in  the  arts  :  the  firft  is,  the  low 
red  heat ;  the  fecond  cherry  red ;  the  third 
bright  red ;  and  the  fourth  a  white  heat,  which 
is  diftin'guiilied  by  the  word  incandcfcence. 
Philofophers  have  long  fince  obftrved,  that 
ftrong  percufTion  ignites  it.  After  Boyle,  who 
firft  infifted  on  this  phenomenon,  the  Journal  of 
Brieflaw  mentions  a  workman,  who,  by  five  or 
fix  ftroke^  of  the  hammer,  retjdered  iron  red- 

hotj 
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hot ;  and  Swedenburg  remarked,  th^t  a  fquar; 
flat  piec«  of  iron  becomes  eafily  redrhot,  if 
Aruck  upon  the  anvil  by  its  flat  faces,  and  pot 
its  edges  or  angles.     It  is  almoft  fuperfluous  to 
^bferve  in  this  place,  that  the  heat  produced  by 
the  percuflion  of  iron,  is  the  effetl  of  compreffed 
caloric,  which  exfudes  on  all  fides  from  the  co^r 
4lenfed  particles  of  the  iron,   and  th^  the  leA 
heat  it  aflumes  in  confequence  of  thofe  per:- 
cuflion^  is  only  the  fame  fubftance  much  more 
condenfed,  and  poflcfling  a  much  more  rapid  mor 
,  tion,  which  darts  through  the  pores  of  the  iron, 
and  produces  the  fenfation  of  light  in  our  eyes. 
14.    Caft  iron   flows    with    various    degr^is 
of    liquidity,    pafty   or   foft,    and    moveable 
in  the  extreme  like   water  itfelf     We  muft 
obferve,  that  all  workmen  who  work  in  iron,  do 
not  fuppofe  the  pure  metal  capable  of  fufioBi, 
and  feem  in  this  ri^fpeft  to  contradi^  philo&h 
phical  men.     This  arifes  from  the  circumftance 
that,  in  the  arts,  iron  is   never  fufed  without 
cauiing  it  to  undergo  a  combuflion  imore  oar 
lefs  advanced,  and  confequently  an  alteration, 
more  or  lefs  confiderable,  fo  that  after  its  fufion 
it  is  no  longer  iron  properly  fo  called,  for  work- 
men diftinguifh  with  great  precifiou  and  ddi" 
cacy,  the  feveral  Hates  of  iron,  becaufe  it  is 
<jwing  to  thefe  different  ftates  that  the  particular 
properties   difcernible  in  their  operations  are 
produced.     In  the  operations  ofchemiftry,  on 
^he  contrary,  fmall  portions  of  iron  are  fufed  in 
voflelsexa^ly  clofed  in  fucha^manner  that  they 
i  undergo 
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ntidergo  no  cBange ;  and  it  is  of  this  fufion  in 
the  fmall  way,  though  impra6licable  on  a  large 
fcale,  that  chemiils  fpeak.  When  iron  is  brought 
to  a  ftate  of  fufion,  it  does  not  appear  to  be  per- 
ceptibly volatile,  or,  at  leaft,  the  fire  required 
to  fublime  it  mufl  be  enormous  ;  if  it  be  cooled 
flowly  it  cryflallizes  in  regular  oSlahedrons,  in- 
ferted  in  each  other  fo  as  to  form  a  very  agree* 
able  kind  of  vegetation  or  dendrites.  Nature 
ibmetimes  prefents  it  in  this  form,  but  in  a  flate 
of  combination. 

1$.  Iron  is  rapidly  penetrated  by  theele6lric 
fluid  ;  it  is  one  of  the  beft  condu6lors  of  eledri- 
city  ;  and  accordingly,  fince  the  difcoveries  of 
Franklin  on  the  identity  of  atmofpheric  thuia- 
der  and  the  electric  fpark,  it  is  employed  with 
great  fuccefs  to  fabricate  thofe  elevated  con- 
du3:ors,  which  are  appropriated,  by  their  gilded 
and  unalterable  terminations  in  apoint,toattra6l 
without  noife,  and  rapidly  to  tranfport  the 
ele6lric  'matter  into  the  earth  or  into  water, 
where  their  inferior  extremity  terminates.  It 
has  been  long  obferved,  that  iron  thus  vertically 
placed  in  an  elevated  fituation  of  the  atmofpher^ 
if  it  remains  a  long  time,  or  be  ftruck  with  the 
eleftric  fluid  of  lightning,  affumes  the  pro- 
perties of  a  magnet.  If  iron  be  firuck  in  the 
air  by  the  eleftric  fhock  it  takes  fire ;  but  as 
this  phenomenon  belongs  to  the  hiflory  of  its 
combuilion  I  fhall  fpeak  of  it  in  another  place. 

16.  Magnetifm  is  one  of  the  moft  chara6l:er- 

iftic,  and  at  the  fame  time,  mofl  fingular  of  the 

3  properties 
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properties  of  iron.  It  was  long  fiippofed  to  be 
particular  and  individual  in  this  metal ;  but  it 
is  at  prefent  well  proved,  that  cobalt  and  nickel 
alfo  poffefs  it.  Nevertlidefs  allthe  experiments 
relative  to  the  magnet iibi  of  thefe  two  laft  metals 
not  having  been  made  either  with  the  fame  ac-* 
curacy,  or  to  the  fame  extent,  as  upon  iron,  the 
principal  phenomena  of  this  force  have  been 
well  obferved  onl^'-in  the  latter  metal.  The  fol- 
lowing are  the  principal  fa6ls,  which  in  the 
ftudy  of  the  magnetifm  of  iron,  are  interefting 
to  the  naturalift  and  the  chemift,  and  of  which 
Citizen  Haiiy  has  coiifequently  given  an  ex- 
planation in  the  article  of  the  ores  of  iron, 
extra6ted  from  his  great  work  of  mineralogy. 
.  A*  The  forces  which  give  a  particular  direftion 
to.  iron  fufpended'  at  liberty,  emanate  fronithc 
terreftial  gjobfe :  and  many  philofophers  think 
that  thefe  forces  have  their  origin  in  a  peculiar 
body,  placed  in  the  centre  of  the  globe,  \vhicb 
afts  like  a  very  powerful  magnet. » 

JS.  The  forces  which  draw  a  magnetic  needle 
in  oppofite  djreftions,  towards  the  north  and  to^ 
w^^rd^  the  foutb,  are  equal,  as  Citizen  Coulomb 
proved,  by  finding  exa6tly  the  fame  weight  in  a 
magnetized  needle,  as  it  poffeifed  before  it  wa^ 
rendered  magnetic. 

C.  It  has  fometimes  been  obferved,  that  fmalj 
pieces  of  load-ftone  recently  extra6led  from  the 
earth  ;and  laid  in  the  fame  pofition  which  they 
had  before  their  extra6lion,  have  their  poles 
fifuated  in  an  oppofite  dire6lion  fiom  that  whiclj 

ought 
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ought  to  have  taken  place  on  the  hypotliefis  of 
their  having  acquired  their  magnetifm  by  the 
^diouof  a  magnet  placed  in  the  centre  of  the 
globe.  iEpinus  has  removed  this  difficulty  by 
fuppoling  in  the  mines  of  load^ftone,  as  is  ob- 
ferved  in  artificial  magnetic  bars  of  iron,  that 
which  he  calls  confequent points^  that  is  to  fa)% 
a  feries  of  contrary  poles  are  formed  in  a  fhort 
fpace  by  the  abforption  and  accumulation  of  the 
magnetic  fluid ;  a  feries  which  can  exift  in  a  de- 
tached fragment  of  ore;  fo  that  the  two  poles 
M^hich  terminate  it  may  be  otherwife  turned  than 
in  pieces  charged  or  armed  with  the  ordinary 
magnetifm. 

/).  Magnetifm  exifts  only  in  metallic  iron,  or 
in  iron  very  little  oxided;  but  we  muft  not  judge 
of  its  abfence,  or  its  modification  in  fmall  pieces 
by  very  ftrong  bars,  becaufe  the  force  of  thefe 
mail  deflroy  the  magnetifm  of  the  pieces  ;  for 
by  taking  very  weak  fufpended  needles  to  try 
thofe  peices  as  Citizen  Haiiy  did,  they  all  exhi- 
bited this  magnetifm. 

jE.  It  is  poflible  that  iron  ores  may  have 
efcaped  the  magnetic  adion  of  the  globe,  if  they 
were  fituated  fo  that  their  axis  Ihould  be  perpen- 
dicular to  the  dire6tion  of  the  magnetic  meridian 
of  their  native  place. 

F.  There  are  many  varieties  in  the  energy  of 
the  magnetic  force  of  iron  ores ;  and  in  order 
to  avoid  a  conclufion  oppofite  to  the  truth,  we 
mud  not  confine  ourfelves  to  a  fino-le  obferva- 
tion:  tbey  muft  be  fufticiently  multiplied,^  a$  __ 

^  well 


well  with  regard  to  the  magnetic  bar  ot  needlit 
made  ufe  of  as  the  relative  pofition  of  the  par* 
tide  examined,  and  the  bar  itfelf  or  the  ncedlcv 
which  feems  to  determine  its  ftate. 

G.  All  the  portions  of  iron  buried  in  tht 
earthy  and  not  overcharged  with  oxigen^  are 
natural  magnets,  of  which  the  degrees  of  force 
vaiy  through  their  extended  limits :  fo  that  we 
ought  not  to  confider  the  loadftone  as^a  fc* 
parate  fpecies  in  mineralogy.  This  new  truth 
is  very  different  from  the  former  opinions  of 
mineralogifts^ 

Iron  is  a  very  good  conductor  of  animal  elec- 
tricity, at  prefent  known  by  the  natne  of  Gal* 
vanifm,  and  it  mull,  by  this  remarkable  pro-* 
perty,  have  influence  on  the  life  and  motioni 
of  living  animals  :  accordingly,  notwithfiaiid- 
ing  the  little  confidence  which  is  due  from  en*  * 
lightened  men  to  the  blind,  enthufiaftical,  and 
audacious  empyricifm  which  has  announced 
fuch  wonderful  virtues  in  the  external  applica^ 
tion  of  points  of  iron  fufpended  or  drawn  along 
the  furface  of  bodies  at  certain  diftances,  or  placed 
very  near  fome  of  its  regions,  it  muft  not  however 
be  denied,  that  we  have  not  yet  properly  eiti* 
mated  the  effeds  which  thefe  applications,  well 
direfted  and  united  with  thofe  of  other  metallic 
plates  communicating  with  the  former,  may 
produce  upon  animals,  when  we  fhall  be  mort 
enlightened  than  at  prefent,  refpefiting  the  order 
and  the  phenomena  of  the  new  modiiication  of 
the  irritability  of  the  living  fubje^  which  haft 

been 
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tbeeh  dlfcovered  fome  ycat-s  ago  in  Italy.*  We 
tauft  dill  multiply  and  greatly  vary  our  experi* 
iXY^nts  and  inquiries  refpe6ling  this  force  fo  re- 
markable in  the  energies  of  life,  befoi-e  we  can 
J)retend  to  decide  in  any  refped; 

1 8.  The  tafte  and  fmell  are  alfo  two  very  dif^ 
tinft  and  very  evident  properties  in  iron^  If 
we  hold  a  piece  of  iron  for  fome  time  in  hand, 
and  afterwards  hold  it  at  a  little  diftance  from 
the  nofe,  ,we  may  difcern  its  odour  and  quality. 
However  flightly  iron  be  touched,  this  metai 
always  leaves  upon  the  fkin  a  flight  covering 
fufficient  to  (how  its  prefence  by  its  impreflioti 
oh  the  olfaftory  nerves;  and  as  in  this  cafe 
thei'e  is  no  immediate  application  of  iron  upoh 
the  nerves,  it  follows  neceflarily  that  the  par- 
ticles of  iron  muft  be  tranfported  by  a  current 
of  air  upon  the  olfa6lory  nervous  membrane : 

Ve  muft  therefore  conclude  that  this  metal  h 
lurrounded  by  an  atniofphere  which  holds  it  in 
iblutiort,  and  is  faturated  with  it.     Its  tafte  is 

fufficiently  ftrong  to  excite  the  impreffion  of  an 

kcrid  or  aftringent  quality  in  the  mouth,  when 

it  is  kept  there  for  fome  time,     Phyficians  with 

reafon  attribute  the  medicinal  properties  of  iron 

to  the  adion  which  this  tafte  exercifes  upon  the 

irritable  membranes,   and   the    nerves   of  the 

ilomachand  inteftineis.     We  muft  not  confound 

this  effeft  of  the  metallic  ftate  with  that  which 

the  oxides  of  iron  produce,  by  carrying,  like 

many  other  metallic    oxides,    the    enlivening 

aad   brachig   property  of  oxigen   to  all  the 

excitable 
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excitable  organs  of  the  living  animal.econoniyj 
but  we  muft  advert  to  the  fa6l  that  thefe  two 
forces  B,6t  together  in  the  vifcera  when  moft 
medical  preparations  are  adminiftered. 

19-  Iron  not  only  ftands  alone  in  the  property 
of  becoming  ignited  by  preffure  and  violent  fric- 
tion which  on  account.of  its  property,  becomes 
red-hot,  and  takes  fire  in  the  air  when  ftrongly 
ftruck  by  a  hard  ftone,  but  it  alfo  enjoys  al- 
moft  exclufively  the  property  of  paffing  fpeedily 
into  the  laft  vafcular  ramifications  of  living 
animals,  of  becoming  filtrated  through  the  pores 
of  the  .roots  of  plants,  and  by  the  chyliferous 
veffels  into  the  fanguine  veflels  of  animals;  of 
contributing  to  colour  their  fluids  ;  of  becom- 
ing fixed  in  their  folids ;  of  entering  as  a  con- 
ftituent  part  into  their  nutrition,  and  perform- 
ing a  function  in  the  very  compofition  of  their 
organs.  Among  all  metallic  fubftances,  it  is 
the  lead  inimical  to  the  vital  faculty,  and  car- 
ries its^ftimulating  energy  to  the  extreme  of  the 
fenfible  and  irritable  fibres.  It  is  in  no  refpeft 
poifonous,  but  merely  augments  the  a6tivity 
and  force  of  the  vital  principle.  It  requires  to 
be  carried  as  a  conftituent  principle  to  a  deter- 
minate proportion  in  the  compofition  of  organic 
fubftances.  Some  phyfiologifts  have  thought 
that  it  is  formed  in  the  organs  of  animals,  and 
as  a  proof,  they  have  urged  the  compofition  of 
the  blood  in  the  eggs  of  birds  during  incuba- 
tion, a  compofition  accompanied  with  iron  from 
the  firft  inftant  that  the  blood  appears  with 

its 
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its  red  colour;  whereas,  according  to  them, 
there  is  not  found  the  fmalleft  trace  of  this  metal 
in  the  egg  before  the  appearance  of  the  ruddy 
fanguine  fluid ;  but  it  is  not  yet  ftridly  proved 
that  the  unhatched  egg  does  not  contain  iron ; 
nor  that  the  blood  of  the  chicken,  at  the 
moment  of  its  firft  compofition,  does  in  fa6l; 
contain  it 


C.     Natural  Hi/lorj/. 

20.  Nature,  as  I  have  already  obferved,  has 
diffufed  iron  with  liberal  abundance  over  almoft 
every  point  of  the  globe,  and  nothing  is  in  fadl 
more  frequently  met  with  among  foffil  produc- 
tions  than  the  ores  of  this  metal     We  might  in 
contemplating  this  liberality  be  difpofed  to  af- 
firm, that  this  circumftance  was  intended  toad- 
vife  man  of  the  great  advantages  he  might 
obtain  from  thefe  ores,  and  that  they  are  pre- 
fcnted  at  the  furface  of  the  earth,  in  order  to 
fix  his  attention  with  greater  fpeed  and  cer- 
tainty, and  to  ejigage  him  to  coUeft  and  treat 
them  in  fuch  a  manner  as  to  obtain  the  metal 
they  contain.     The  forms  of  thefe  ores,  their 
colour,    their  texture,   and  their  compofition, 
are  very  Angularly  varied  ;  and  accordingly  the 
mineralogical  colle6lions  of  tl^ia  genus  are  mul- 
tiplied, and  prefent  to  the  eye  a  very  numerous 
and  rich  variety  of  fpecimens.     Hence  we  may 
eafily  conceive  that  mineralogies,  in  their  me- 
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thodical  claffifications  founded  upon  the  forms, 
the  colour,  and  the  texture  of  bodies  ratlier 
than  upon  their  intimate  nature,  muft  have  ad- 
mitted a  great  number  of  fpecies  in  the  ores  jof 
iron.  There  are  in  fa6l  ftill  exifting  feveral 
modern  ^syorks  in  which  more  tHuu  thirty  dif- 
ferent fpecies  are  reckoned.  But  the  phemical 
examination  which  has  within  a  few  years  beeji 
made,  enables  us  to  place  certain  limits  to  this 
irregular  determination  ofthe  fpecies,  to  include 
their  number  in  narrower  bounds,  to  difpofe 
the  fame  fpecies  in  a  more  precife  and  natural 
order,  and  to  place  in  the  almoft  indeterminate 
feries  of  varieties  thofe  differences  between 
them,  whichj  for  the  moft  part,  confift  in  very 
flight  changes  in  their  properties. 

21.  After  having  fhown  that  iron  is* perhaps 
of  ail  the  metals,  that  of  which  the  ores  prefeut 
the  greateft  number  of  differences  or  variations 
in  their  nature,  of  which  the  natural  compofi- 
tions  are  the  mofl  difcordant  and  diverfified ; 
after  having  in  this  place  repeated  more  efpe- 
cially  that  we  ought  not  to  reckon  among  the 
true  ores  of  this  metal,  any  but  thofe  in  which 
its  quantity  is  fo  abundant,  that  they  caii  be 
explored  with  profit,  or  at  leafl  fo  as  to  con- 
flitiite  the  bafis  of  their  compofition ;  a  Condi- 
tion, without  which,  we  fliould  be  fooii  utider 
the  neceffity  of  multiplying  thefe  ores  to  in- 
finity, and  of  confidcring  almoft  every  foffil 
as  belonging  to  this  clafs  ;  I  fhall  obferve,  that 
it, is  xnorp,  particularly  in  the  diftindion  of  thefe 
'" numerous 


numetous  minerals,  that  the  method  eftabliflied 
in  the  general  article  of  the  hiftory  of  metals 
prefents  the  greateft  number  of  advantages,  and 
promifes  the  tnoft  perfpicuity.  The  five  prin- 
cipal ftates  which  have  been  eftabliflied  for  the 
generality  of  metallic  oresj  may  be  admitted  in 
the  diftindion  of  the  ores  of  iron,  1.  That  of 
native  metal ;  2.  Of  its  alloys ;  3-  Its  com- 
binations with  combuftible  bodies;  4.  Its  ft  ate 
of  oxide  ;  5.  Its  falts.  In  each  of  thefe  ftates, 
as  it  were  under  fo  many  genera,  the  fpecies 
and  varieties  of  ores  which  naturalifts  have  dif- 
covered,  arrange  themfelves,  however  numer* 
ous  or  diverfified  they  may  be. 

22,  Though  the  exiftencc  of  native  iron  is 
ftill  a  kind  of  unrefolved  problem  among 
mineralogifts,  and  thpugh  it  is  very  natural  to 
fuppofe,  with  the  moft  celebrated  among  them, 
that  the  infulated  pieces  which  have  been  defig- 
nated  under  this  name,  are  only  the  accidental 
produfts  of  ancient  fufions  or  fubterraneous 
fires,  it  is,  neverthelefs,  proper  to  be  obferved, 
that  Margraff  atiirmje,  that  it  is  found  in  veins 
at  Libenftock  in  Saxpny,  and  Adamfon  affirms, 
that  it  is  common  in  Senegal,  and  that  Pallas 
difeovered  in  Siberia  a  mafs  of  the  weight  of 
16G0  pounds.  In  this  blogk,  in  fad,  there  are 
cavities  which  denotes  fufion  and  IVelling  up  ; 
neverthelefs,  from  the  juft  obfervations  of 
jBergman,  it  exhibits  various  proofs  that  it  was 
not  fufed  by  art.  Befides,  its  fituation  which 
atKiOunces  this  truth,  the  ftone  which  fill  its 
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cavities  is  very  different  from  the  fcum  or  fcoria 
of  the  furnaces  ;  the  iron  is  very  malleable  in 
the  cold,  and  at  a  moderate  temperature  ;  but 
it  is  brittle  at  the  red  heat-;  in  all  trials,  its  ha- 
bitudes are  the  fame  as  tliofe  of  forged  iron  :  it 
affords  fulphurated  hidrogen  gas  by  muriatic 
acid. 

23.  It  very  feldom  happens,  that  iron  is  found 
alloyed  with  other  metallic  matters  in  propor* 
tions  fufficiently  large,  that  this  kind  of  alloy 
fhould  be  confidered  as  belonging  to  the  ores  of 
this  metal.  I  am  not  yet  acquainted  with  any 
in  this  genus,  excepting  that  which  Citizen 
Haliy  comprehends  in  his  fourth  fpecies  under 
the  denomination  of  arfeniated  iron.  It  is  alfo 
the  fpecies  of  pretended  mif-pickel  or  arfenical 
iron  ore,  which  Rom6  de  Lifle  improperly  deno- 
minated white  ore  of  arfenic,  and  other  minera- 
logifts  have  defignated  by  the  phrafe  of  native 
iron  mixed  with  arfenic.  Though  fome  of  thefe, 
more  particularly  De  Born,  have  fuppofed  that 
this  ore  is  a  triple  combination  of  arfenic  iron 
nndfulphur,  the  latter,  hath  himfelf  mentioned 
in  his  defcription,  a  cafe  in  which  the  quantity 
of  fulphur  is,  as  he  aflirms,  very  fmall.  This 
natural  alloy  is  fomctimes  argentiferous,  and 
is  then  called  the  white  lilver  ore  :  it  is  the 
weilfcrz  of  the  Saxonjij.  The  moft  evident  cha- 
racter of  this  alloyed  metal,  which  is  of  a 
brilliant  white  grey,  and  of  a  lamellated  brittle 
texture,  is  to  prefent  cryftals  in  right  prifms 
with  rhombic  bafe$,  of  which  the  angles  are 
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between  103  and  77  degrees  ;  wliich  is  alio  the 
form  of  its  integrant  particles  or  nucleus.  It 
i3  fometimes  modified  by  a  dihedral  fummit, 
with  trittngular  faces  united  upon  an  edge 
parallel.td  a  Ihort  diagonal  of  the  rhomb.  The 
fiirface  of  tht^fe  triangles  beino-  inclined  to  each 
other  in  about  150  degrees,  is  ftriated  in  a 
dire6lion  parallel  to  the  border  upon  which 
they  reft.  We  muft  not  confound  this  ore  with 
th§  true  arfenical  pyrites  hereafter  to  be  de- 
fcribed,  Avhich  differs  from  it  in  fcveral  effential 
particulars  as  well  as  in  its  compofition. 

-  24.  In  the  order  of  natural  combinatioils  •  of 
iron  with  combuftible  bodies  not  metallic, 
none  have  yet  been  <lifcoYered  and  well  ana-  . 
lyzed,  except  thofe  it  prefents  with  carbon  and 
with  fulphur.  Befidcs  thefe  two  compounds, 
we  may  expeft  that  chemiftry  will  hereafter  dif- 
covcr  that  of  iron  ^ith  phofphorus,  which  may 
be  fufpefiled  to  exift  in  nature,  though  it  has 
not  yet  bpen  difcovered.  The  carburet  and 
falphuret  of  iron  are  entitled  to  the  qualifica- 
tion of  true  fpecies  of  iron  ore  or  mineralized 
iron,  though  the  latter  has  been  feldom  treated, 
and  the  former  never  in  order  to  obtain  the 
metal,  notwithftanding  which,  in  a  fyftcmatical 
order,  we  cannot  refer  thefe  metalliferous  com- 
pounds to  any  other  place. 

.  The  carburet  of  iron  formerly  known  by  the 
name  of  lead  ore,  black  chalk,  falfe  galena, 
mica  of  the  painters,  and  confounded  with  the 
fulphuret  of  molybdcna  on  account  of  fome 
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analogies  in  its  form,  colour,  texture,  and  #ven 
its  ufcs,  was  firft  analyzed  by  Scheele,  who 
difcovered  its  rcferablance  to  charcoal,  and  its 
ferruginous  .  nature,  after  which  its  qualities 
were  well  determined,  by  Citizen  Vauquelin, 
Berthollet,  and  Monge,  who  afcertained  that 
is  a  combination  of  0,90  of  carbon,  and  0, 10  of 
iron.  It  is  found  in  maffes,  in  fmall  laytrSi 
and  even  in  veins  more  or  lefs  confiderable  in 
the  primitive  mountains  between  beds  of  quaitz, 
feldt  fpar,  clay,  and  ch^lk  ;  in  the  Pyrennees,  in 
Spain,  and  in  Germany.  It  is  dug  oiit  of  the 
parth  in  a  very  pure  and  foft  ftate  in  Cumber-r 
land.  It  is  alfq  found  in  America  and  Africa, 
This  fubitance  is  capable  of  cryftallizing  in 
oftahedrons ;  its  colour  is  a  deep  grey  or 
blackifh  blue,  metallic,  fliining,  greafy  to  thp 
touch,  and  of  tuberculated  fraflure ;.  it  very 
jcafily  blackens  th^  hands,  may  be  cruihed  into 
a  fine  foft  poM'der  adhering  to  the  bodies  by 
mere  friftion,  and  leaving  Upon  paper  and  white 
bodies  in  general  a  black  trace,  which  all  thp 
world  is  acquainted  with  in  the  blacHrlead 
pencil.  When  kept  for  a  long  time  in  a  red 
heat  it  burns,  emitting  much  carbonic  acid, 
and  leaves  after  its  combuftion  a  reddifli  oxide 
of  iron.  Water  paffing  through  this  ignited 
carburet  alfo  burns  it  by  decompofing  it,  and 
affording  carbonic  acid  gas  ;  the  acids  produce 
no  other  effe6l  than  to  purify  it  by  diffolying 
the  alumine  and  iron  with  Avhich  it  is  often 
mixed.      It   decompofes    the    fulpjiates,    and 
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changes  them  into  fulphurets ;  it  burns  by  means 
of  nitrate  of  pot-afh,  which  caufes  it  to  detonate 
or  much  more  effeftuaily  with  the  fupcr-oxige^ 
nated  muriate  of  pot-aih,  which  ferves  to  afcer- 
tain  its  nature  very  accurately.  It  is  ufeful  in 
making  pencils,  in  diminifhing  the  friftion  of 
metallic  or  wooden  wheels;  in  covering  and 
defending  from  ruft  the  furfaces  of  iron  inftru- 
ments,  in  communicating  a  leaden  metalhc 
colour  to  many  bodies,  in  lining,  or  even  en- 
tirely fabricating  crucibles,  and  in  forming  lutes 
upon  earthen  or  glafs  retorts,  &c. 
,  Q5.  The  fuljphuret  of  iron,  or  natural  combi-*  ^ 
nation  of  fulphur  and  iroti,  has  been  named 
pyrites  in  mineralogy,  becaufe  it  is  very  proper 
to  maintain  combuftion,  or  to  become  ignited 
by  the  ftrokeof  the  ftcel,  or  to  give  rife  to  fub- 
terraneous  fires.  It  was  formerly  called  mar^ 
cafite.  This  is  one  of'  the  ores  with  which 
naturalifts  have  been  moft  bufily  occupied. 
Henckel  ftudied  and  defcribed  it  to  a  great  ex- 
tent in  his  Pyritologia,  iii  Avhich  he  has  in  fad 
comprehended  the  hiftory  of  all  the  ores,  piar- 
ticularly  the  fulphureous,  .which  he  has  com- 
pared and  confidered  very  amply.  This  com- 
pound has  alfo  exercifed  the  genius  of  the 
niodejus  on  account  of  the  diverfity  and  (ingu^ 
larityof  its  forms,  It  is  an  interefting  obje^l 
to  the  arts  in  which  it  is  frequently  and  abun-. 
dantly  employed,  particularly  to  extract  the 
fulphur,  and  to  treat  various  metals. 

Aft?r  the  carbonate  of  lime,  which  Citizen 
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Haiiy  with  truth  prefents  as  thcmincral  Proteus, 
the  fulphuret  of  iron  is  a  fubftance  which  pre- 
fents the  greateft  number  of  different  forms. 
He  has  already  obferved  thirteen  regular  diftincl 
varieties.  Many  of  them  have  the  cube  for 
their  primitive  form,  and  others  appear  to  be  de- 
rived from  the  o6lahedron :  fuch  is  the  variety 
which  cryftallizes  like  the  trapezoidal  granite. 
He  obferves  that  the  cube  cannot  be  confidered 
as  the  primitive  form  in  the  fulphuret  of  iron, 
except  when  it  is  fmooth  ;  that  that  which  has 
its  face  ftriated,  and  in  three  direftions  perpen- 
dicular to  each  other,  is  only  the  commence* 
anent  of  a  dodecahedron.  Among  the  principal 
varieties  of  the  form  which  this  fkilful  minera- 
logift  diftinguiihes,  I  ihall  point  out : 

A.  The  fmooth  cube,  or  primitive  form, 

J5.  The  regular  o6lahedron. 

C  The  cubo  o6lahedron. 

J).  The  dodecahedron,  with  pentagonal  planes. 

E.  The  cube  ftriated  in  three  diredions. 

F.  The  ifocahedron  or  figure,  with  twenty 
triangular  faces,  eight  equilateral,  and  twelve 
ifofceles. 

G.  The  polytrigon  of  thirty -fix  triangle«i 
twelve  ifofceles  acute  angled,  and  twenty-four 
obtufe  angled, 

//.  The  plagihedron,  in  which  each  angle  of 
the  cube  is  intercepted  by  three  faces  fituated 
flope-wife. 

Befides  thefe  forms,  determined  and  insreni- 
oufly  defignated  by  Citizen  Haiiy,  we  find  the 
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fulphuret  of-  iron  iti  various  grouped  cryftals, 
in  globes,  ftudded  with  points  of  ofilahedrons, 
in  poliflied  worn  fpheres,  in  llriated  and  radi- 
ated cryftals,  in  cylinders,  in  dendrites,  in  fta- 
laclites,  in  incruilations,  in  irregulai"'  figures 
which  have  been  compared  to  all  kinds  of  bo- 
dies ;  it  is  frequently  depofited  in  organic  mat- 
ters, which  ferve  as  a  mould.  Hence  we  ha\ie 
pyrites  in  the  forms  of  fhells  and  fifh. 

The  fulphuret  of  irbn  is  almoft  always  of  a  gol- 
den yellow  colour,  more  or  lefs  brilliant  In  thisr 
refpe6t  there  are  two  very  evident  varieties,  the 
brilliant  gold,  and  the  tarnifhed  or  pale  golden 
colour.  We  muft  not  confider  as  a  fimple 
variety  of  colour  the  brown  fulphuret  of  iron 
which  fome  mineralogifts  have  denoted  by  the 
name  of  hepatic  iron.  This  is  a  fulphuret  in 
the  ftate  of  decompofition,  of  which  the  ftate 
has  not  yet  been  well  appreciated,  but  whic'h 
has  manifeftly  paffed  from  the  brilliant  ftate  to 
the  brown  colour,  more  or  lefs  dull,  fince  we 
find  fome  which  are  brown  without,  and  ftill 
beautiful  within,  whereas  others  have  become 
brown  to  their  very  centre.  They  are  ufually 
more  friable  in  this  ftate  than  when  their  tinge 
is  brilliant  and  metallic.  There  are  certainly 
in  thefe  three  diftinft  colours,  as  well  as  in  the 
two  kinds  of  primitive  form  of  fulphuret  of 
iron,  differences  not  yet  determined,  which 
depend  on  their  intimate  nature,  and  would 
require  new  refearches  to  determine  their  com- 
pofition. 

The 


170  moy. 

The  fulphuret  of  ii-dn  is  fufible  aind  infiam- 
mable,  it  fuffers  its  fulphur  to  efcape  by  heat ; 
it  is  very  brittle ;  its  fulphur  may  be  obtahied 
alnioft  by  fufion,  and  very  little  by  fublimation. 
When  expofed  to  the  air  more  efpecially,  after 
having  been  moiftened,  it  cracks,  fofteris,  be- 
comes hot  and  covered  with  faline  cryftals  of 
fulphate  of  iron,  and  totally  changes  into  this 
fpecies  of  fait,  which  iliows  that  the  fulphur 
has  burned,  become  acidified,  and  the  iron 
oxided.  This  phenomenon  which  is  ufually 
applied  in  the  large  way  for  extra6lmg  the 
fulphate  of  iron  was  formerly  called  the  vitrio- 
lization  of  pyrites ;  it  muft  be  confidered  as 
a  flow  combuftion  or  natural  fulphatization. 
The  water  is  decomppfed  by  this  operation; 
and  in  that  cafe  fulphurated  hidrogen  gas  is 
difengaged  which  often  takes  fire  fpontaneoiifly 
and  to  which  the  formation  of  volcanosbas  bfeeft 
attributed.  The  acids  by  attacking  the  native 
fulphuret  of  iron,  more  particularly  the  ihuri- . 
atic,  develop  fulphurated  hidrogen  gas.  The 
nitrates  burn  them  with  detonation  at  an  ele- 
vated temperature,^  and  the  fuper-oxigenate4, 
muriate  of  pot-afli  excludes  it  with  flame  by 
mere  percufiion.  The  chemical  analyfis  of  na-^ 
tive  fulphuret  of  iron  has  flioM'n  not  only  the 
iron  and  fulphur  of  which  the  proportions  vary, 
apd  which  are  the  moft  abundant  principles,  but 
alfo  filex  and  alumine.  Sometimes  gold  is 
difleminated  in  this  mineral  which  is  then 
called  aicnferou^  pyrites^  and  we  have  likewife 
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heard  of  argentiferous  pyrit^.  The  cxami-' 
nation  M'liich  has  been  made  of  many  of  thefe 
compounds  has  proved  that  they  vary  much 
in  the  nature  and  proportion  of  their  com- 
ponent parts. 

26.  After  the  fulphuret  of  iron  we  may  at- 
tend to  that  fpecies  of  ore  which  Citizen 
Haiiy  has  denominated  arfeniated  irony  which 
is  the  grey*  ore  of  arfenic,  or  orpiment  of 
Jlome.  The  quantity  more  or  lefs  confiderable, 
and  always  very  perceptible,  of  fulphur  which 
is  contained  in  this  ore,  diftinguiflies  it  itiffi- 
ciently  from  arfeniated  iron  and  true  mif- 
pickeL  It  never  poffeffes  the  regular  cryftal- 
line  foTjn  of  the  latter,  for  it  has  yet  been 
found  only  in  irregular  mafles.  Citizen  Vau-- 
quelin  has  analyzed  pieces  from  two  diflerent 
places,  and  found  the  proportion  of  fulphur  to 
the  iron  nearly  as  four  to  five;  that  of  the 
^rfenic  was  very  variable,  for  in  one  fpecimen 
it  was  tAvice  the  quantity  of  iron,  and  in  ano- 
ther fix  or  feven  times  that  quantity.  We  may; 
i:all  this  fpecies  arfeniated  fulphuret  of  iron:  it 
js  not  a  fimple  variety  of  the  preceding  ore, 
J)ecaufe  its  properties  ajtp  effentially  different. 

27.  The  fourth  order  to  which  iron  ores  are 
referrible,  includes  the  various  degrees  of  oxi- 
dation of  this  metal.  Among  them  we  muft 
comprehend,  as  truly  diftin6l  ores  in  their  na- 
ture and  proportions,  the  four  fpecies  namedf 
by  Citizen  Haiiy  oxidulated  iron,  pyrocetous 
iron^  oUgiJl  iron^  and  owided  iron.     Each  of 
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thefe  denominatiotis  applied  either  to  the  ftatg 
of  the  combuftion,  or  tx)  fome  of  the  properties 
of  the  fpecies  will,  with  regard  to  the  method 
I  have  adopted,  prefent  pi^iV  the  feveral  de- 
grees of  oxidation.  This  mineralogift  by 
analogy  with  the  denomination  acidule,  in  the 
nomenclature,  gives  the  name  ofoxidulatedirou 
to  that  fpecies  of  ore  which  is  formed  by  iron 
united,  to  fo  fmall  a  quantity  of  oxigeu  as  to 
permit  it  to  aft  ftrongly  upon  the  magnet.  It 
is  the  blackiih  o6lahedral  iron  and  obedient  to 
the  magnet  of  E,om6  de  Lifle.  This  fpecies  moft 
commonly  cryftallizcs  in  o6lahedrons,  as  the 
famples  from  Sweden,  Dalecarlia,  and  Corlica, 
which  are  from  a  few  millemetres  to  two  or 
three  centimetres  in  diameter.  Thefe  cryftals 
are  ufually  engaged  or  enveloped  in  blackifli 
or  greenifli  foliated  fteatites  ;  they  are  often  of 
a  brilliant  and  fpecul^r  black  colour;  fome- 
times  their  furface  is  dull,  and  covered  with  a 
fmall  envelope  of  the  fteatites  in  which  they 
are  plunged.  They  are  very  brittle  and  lamel- 
lAted  in  their  texture  ;  their  powder  is  blacki/h, 
and  ftrongly  attracted  by  the  magnet;  in  their 
entire  ftate  they  pofTefs  all  the  properties  of  a 
magnet,  more  particularly  that  of  polarity. 
To  this  fpecies  of  iron  ore  more  particularly 
appertains  thofe  pieces  which  are  naturally  and 
ftrongly  enough  magnetized  to  admit  of  their 
being  fawed  out  and  armed  under  the  de- 
nomination of  magnets.  I  call  this  fpecies 
of  ore,  the  oxidule  of  iron.     It  appears  to  be 
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indebted  to  water  for  its  formation  and  cryftal- 
lization.  Under  this  point  of  view  it  may  be 
contrafted  with  the  following  fpccies. 

28.  The    fecond  fpecies   of  the  fame   order 
is  denominated  by  Citizen  Haiiy  pyrocete  iroiiy 
that  is  to  fay,  having  the   region  of  fire  for 
its  country^    becaufe  it  has  been  proved  by 
Citizen   Delarbre,  that   the    varieties  of   this 
fpecies  fo  abundant  at  Volvic,  Puy-de-Dome, 
and  Mount-d'-Or,  are  a  product  of  volatilization ' 
operated  by  the  fire  of  volcanos.     It  has  often 
been  denominated  fpecular  iron  ore  on  account 
of  its  brilliant  furface.     This  ore  is  always  in 
the  form  of  thin  plates,  of  a  beautiful  polifli, 
brittle  like  glafs,  and  having  the  fame  frac- 
ture.     Rome   de  Lifle  confidered   its  cryftals 
as  a  modification  of  the  aluminiform  oftahe- 
dron.     If  we  fuppofe  that  two  fe6lions  be  made 
in  a  regular  oftahedron  at  little  diftances  from 
the  two  oppofite  faces  parallel  to  the  feftioris, 
there  would   refult  from    thefe   two    feftions 
three  ferments,    of  which  the   middle   would 
have  for  its  bafis  two  regular  hexagons,  and 
for  its  lateral  faces  fix  trapeziums,  alternately 
inclined  in  oppofite  direftions.    To  this  middle 
ferment  it  was  that  Rom6  de  Lifle  referred  the 
cryftals  of  fpecular  iron  ore  here  mentioned. 
But  Citizen  Haiiy  perceiving  that  the  lateral 
faces  of  pyrocete  iron  were  more  fenfibly  in- 
clined to  the  bafes  than  they  would  have  been 
in  the  hypothefes  of  the  fegment  before  men- 
tioned, and  the  goniometre  having  given  hinFi 
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an  angle  of  one  hundred  and  twciity-otie  degrees 
and  a  half,  inftead  of  one  hundred  and  nine  and 
a  half,  which  they  would  in  that  cafe  have  hadj 
he  concluded  that  the  refemblance  from  the 
affortment  of  the  planes  had  deceived  the  cele- 
brated Rom6  de  Lifle,  and  that  this  is  not  the 
fource  of  their  fingular  form.  He  adds  that 
this  form  is  fubjeQ;  to  different  modifications. 
This  oxide  of  iron  when  broken  affords  a 
blackiih  powder  lefs  deep  than  that  of  the  pre- 
ceding ore,  having  a  reddifh  tinge  which  de- 
notes an  oxidation  fomewhat  flronger  than  in 
the  oxidule  before  defcribed.  Accordingly  it 
is  lefs  feniible  to  tlie  magnetic  bar,  and  is  it- 
felf  a  much  weaker  magnet  than  the  preced- 
,  ing.  I  denominate  it  pyrocetous  oxidule  of 
iron. 

29.  The  third  fpecies  of  native  oxide  of  iron 
was  defignated  by  Citizen  Haiiy  by  the  name 
•  of  oligift-iron,  that  is  to  fay,  which  is  very 
flightly  ia  the  metallic  flate.  This  fpecies,  as 
he  obferved,  affords  by  trituration  or  by  the 
file  a  red  powder,  which  denotes  an  oxidation 
much  more  advanced  than  the  two  preceding, 
particularly  the  firft.  The  black  iron  ores  or 
Ipecular  ores  of  the  Ifle  of  Elba,  and  of  Fra- 
>inont  are  the  moft  remarkable  vaiieties  of  this 
fpecies.  Perhaps  the  expreffion  of  oxide  of 
iron  might  have  been  fufficient  to  denote  this 
fpecies,  with  the  addition  of  an  epithet  to 
diftinguiih  it  from  the  following,  which  con- 
tains more  oxigen.  This  oligift  oxide  is  in 
S  brilliant 


brillfaat  ih^ded  plates  with  crjrftals  which  ap- 
pear to  depend  on  the  cube :  The  varieties  of 
forms  which   tliis  produces  according  to  the 
law  of  diminution,  is  particularly  remarkable  in 
thofe   fine   brilliant   fpecimens,     tinged  -  with 
various  lliades  of  colour,  which  are  abundantly 
obtained  from  the  Ifle  of  Elba,  arid  conftitute 
the  ornaments  of  cabinets.     We  may  particu- 
larly diftinguifli  among  the  varieties,  f  and  form 
of  this,  black  oxide   of  iron,  formerly  called 
the  fpecular  oxide,  and  confounded  with  fe- 
veral  very  different  fpccies  :     a.  That  in  very 
pbtufe  rhomboids ;    b.  that   in  fix  pentagons, 
a^d   eighteen  triangles:    thefc  are  commonly 
called  fpecular  iron  in  large  nodules,  in  fmall 
nodules,    in  fcales,  lenticular,  micaceous,  and 
they  often  prefent  at  their  furface  the  bright 
refle6lions  of  prffmatic  colours.     This  fpecics  is 
much   lefs  attra6lcd  by  the  loadftone,  and   is 
much  lefs   magnetical  itfelf  than  the  two  pre- 
ceding-ores';  which  evidently  arifes  from  the 
greater  quantity  of  oxigen  it  contains.     The 
reddifti  powder  which  is  ol)tained  by  tritura- 
tion or  the  aftion  of  the  file  is  unftuous,  and 
cafily  forms  a  pafte  with  water.     In  this  fpecies 
as  weU  as  in  the  two  preceding,  the  number  of 
varieties  may  be  multiplied.     But  I  mufl;  here 
obferve,  that'  thefc  ores  which  are  very  differ- 
ent from  the  fbregoing,  though  they  appear  to 
he  diftinguifhed   only   by  a  fomewhat  larger 
dofe  of   oxigen,.    afford  very   excellent  iron, 
very  eofy  to  be  obtained  in  workii*.g  them.  The 
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varieties  they  afford  are  the  moft  beautiful  and 
nioft  ornamental  for  colle6tions  of  all  the  iron 
ore;S. 

SO.  Laftly,  in  the  fourth  and  laft  fank  of 
the  oxides  of  iron  which  nature  pfefents  among 
the  ores  of  this  metal,  comes  the  fpecies  which 
Citizen  Haiiy  denominates  oxided  iron,  to  de- 
note, by  oppQfing  tliis  denomination  to  thofe 
of  the  three  former,  that  the  prefent  is  much 
more  ftrongly  charged,  and  even  faturated  M'ith 
oxigen,  being,  in  fad,  at  the  complete-ftate  of 
oxidation.     This  true  oxide  6f  iron  has  not 
the  black  colour  of  the  three  foregoing ;   it 
is  more  or  Icfs  red,   brown,  or  yellow  ;  its  pow- 
der, for  it  is  very  friable,  has  a  lighter  ihade 
than  even  that  of  the  oligift  oxide.     It  does 
not  affumc  any  determinate   cryftalline  form, 
except  that  its  particles,   which  are  moft  com- 
monly condenfed  in   the  hard  concretions  it 
forms,  are  arranged  in  fmall  radiations  from  the 
common  centre,  and  diverge  in  rays  outfide  of 
the  piece  it  forms.     In  this  laft  cafe,  and  when 
it  has  at  the  fame. time  a  more  or  left  deep 
red  or  brown  colour,  it  is  called  hematite,  on 
account  of  this  tinge,  which  relembles  blood. 
The  fjmple  afpc6l  of  hematite  proves,   that  if  is 
a  true  ftala6tite ;  it  is  often  found  tuberculated, 
and  depofited  in  ftrata,  each  formed  of  fibres 
conncfted   together.     It  has  received  various 
different  denominations  according  to  the  diver- 
fity  of  figures  which  it  affects ;  it  has  been  de-    i 
nominated  iniejibia.ly  or  tuberculated,  when  it 
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fefembies  the  exterior  tubercles  of  the  intef- 
tines ;  botrytes^  when  it  refembles  a  bunch  of 
grapes;  arid  needledy  when  it  exhibits  flender 
prifnis  refembling  that  inftrument.  It  his  alfo 
been  diftinguifhed  by  its  colours,  and  its  texture, 
into  red,  brown,  black,  compact,  brittle,  foft 
hematites,  and  to  this  denomination  the  fan- 
guine  and  burnifliing  ftone  muft  be  referred* 
Thefe  laft  varieties  exhibit  a  metallic  appear- 
ance by  polifhing;  they  are  the  leaft  oxided^ 
and  approach  to  the  oligift  iron:  they  fome* 
times  contain  particles  almoft  metallic :  they 
pafs  eafily  to  the  ftate  of  black  oxide  at- 
tracted by  the  magnet,  and  even  become  mag-^ 
nets  themfi^lves  when  heated*  The  elfenram 
of  the  Germans,  or  red  micaceous  iron,  muft 
alfo  be  confidered  as  an  inferior  variety  to  the 
hematitical  oxides  of  iron« 

Citizen  Haiiy  reckons,  as  a  fecond  variety  of 
the  fpecies  of  oxided  iron,  that  which  mineral- 
ogiib  have  denominated  the  bog-iron*  tJndeif 
thilj|?»ariety  he  unites  the  setites,  iron  ores  in 
g^iuns^  or  in  cotnpa6i  mafles,  more  or  lefs  yel- 
low, in  powder,  or  in  foft  earth,  which  hardens 
in  the  aif,  and  has  been  denominated  martial 
ochre^  of  u  foft  texture,  leaving  traces  upon 
[^aper^  and  alfo  called  red  chalk.  The  name 
of  Mtites,  or  eagle-Jione^  has  been  given  to 
&*kind  of  hollow  geodes  of  oxide  of  iron, 
often  mixed  with  a  greater  or  lefs  quantity  of 
fifex  and  aiumine,  containing  fqme  concretions 
in  their  cavity,    and  aflfording  a  flight  noift 
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by  agitation,  in  confequence  of  the  ftroke  of 
thofe  fmall  bodies ;  they  are  of  a  dull  pale 
colour;  compofed  of  concentric  layers  of  dif- 
ferentmagnitudes,  of  an  oval  or  polygonal  form, 
often  poliflied  without  The  name  of  eagle- 
ftone  has  been  applied  to  them,  becaufe  it  has 
been  pretended  that  thofe  birds  convey  them  to 
their  nefts. 

Iron  ore,  in  grains,  is  a  deep  brown  or  pale  ox- 
ide, formed  like  the  iEtites,  of  concentric  ftrata, 
but  without  any  interior  cavity,  more  or  lefs 
rounded,  ufually  of  little  bulk,  but  variable  from 
the  fize  of  a  pin'$  head  to  that  of  a  fmall  piftol 
ball.  The  fmall  grains  are  much  more  common 
than  thofe  which  are  larger ;  they  are  often  ag- 
glutinated in  confiderable  maffes,  forming  im- 
pi^nfe  aggregates  of  feveral  yards  in  depth  in 
the  earth,  and  fometimes  of  feveral  hundred 
yards  in-  extent.  The  foil  of  feveral  diftri&s 
api>ears  to  be  entirely  compofed  of  this  fub* 
ftance ;  feveral  Departments  of  France  abound 
with  them,  and  they  conftitute  the  greatefibiiart 
of  the  ores  which  are  explored  in  Francer 
When  we  obferve  this  aftonifhing  concretion  of 
the  grains  of  the  oxide  of  iron,  refembling  in 
magnitude  the  eggs  of  fifli  or  infers,  and,  by 
analogy,  called  oolites,  each  of  which  is  fornied 
of  feveral  concentric  layers  evidently  applied 
by  water  agitated  round  a  central  particle,  tic 
imagination  can  fcarcely  grafp  the  immenfity  of 
labour  which  Nature  muft  have  performed  tQ 
fabricate  cacti  of  thofe  grains,  and  to  accumu- 
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kte  the  njumbeHeis  millions  depofited  on  exten- 
five  grounds,  and  of  which  the  quantity  id 
ihexhauftible. 

The  brown  oxide  of  irdn,  in  a  cJonipa6l  tnafi, 
belongs,  properly  fpeaking,  to  the  bog-ores  of 
the  mineralogiftsi  This  fubordinate  variety  has 
neither  the  appearance  of  hematite,  nor  the 
forni  of  geodes>  nor  that  of  grains.  It  is 
found  in  regular  blocks,  more  or  lefs  denfe,  or 
friable,  folid  oi*  cracked,  reddifh,  or  yellowifh* 
brown,  fliining,  or  dull,  fmooth,  or  granulated 
in  their  frafture,  frequently  in  parallelopipedons 
or  ii'regular  and  bafaltiform  maffes,  conned^d 
together  or  depofited  in  continued  beds  or  veins 
within  the  earth,  which  is  found  in  the  bottom 
of  vallies,  frequently  below  marfliy  grounds, 
and  are  worked  in  many  countries,  though,  ia 
general,  they  aftbrd  the  worft  iron,  namely, 
the  cold  fliort  iron.  We  ihall  foon  explain  the 
caufe  of  this  laft  phenomenon.  This  bog-ore 
does  not  become  black  as  readily  as  hematites 
by-iire ;  it  often  contains  much  filex  and  alu* 
mine,  and  feldom  lime* 

The  earths,  which  have  been  denominated 
martial  ochreSy  are  merely  pulverized,  or  ag- 
glutinated fragments  of  the  preceding  ores,  or 
the  remains  of  the  flow  decompofition  of  the 
fulphurets  of  iron,  expofed  to  the  adion  of  air 
dnd  \vater.  Thefe  Oxides  can  feldotti  be  worked 
like  iron  ores,  they  muft  rather  be  confidered 
as  earthy,  filiceous,  or  argillaceous  mixtures,  of 
which  the  iron,  at  different  ftfites  of  oxidation, 
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yellow,  ftraw,  red,  brown,  or  dull,   conditute 
only  a  fmall  portion. 

With  regard  to  the  red  chalk,  properly  fo, 
called,  which  Citizen  Haiiy  denominates  gra-- 
phic  oxided  iroUy  it  is  another  particular  mix- 
ture, of  very  fine  red  oxide  of  iron  with  clay, 
which  nature  appears  to  have  kneaded  togethcf 
in  water,  and  depofited  at  the  bottom  of  the 
fluid  in  ilrata,  more  or  lefs  fixed  or  denfe;  of  a 
foft,  fat,  un6luous  texture,  eafy  to  cut,  and 
wearing,  and  becoming  poliflied  by  friftion* 
It  has  different  fliades,  denfity,  and  grain*  Ci- 
tizen Haiiy  affirms,  that  he  has  feen  pencils  of 
red  chalk  converted  into  magnets  by  the  ad;ion 
of  fire;  and,  on  this  occafion,  he  repeats  the 
bbfervation  of  Lelievre,  that  nothing  more  is 
neceffary  than  to  heat  a  fragment  of  oxide  of 
iron  with  the  blow-pipe,  in  order  to  give  it 
magnetic  poles. 

'  The  native  ferruginous  falts  comprifed  in 
the  fifth  and  lafl  order  of  the  ores  of  this  metal, 
are  fiill  more  numerous  than  thofe  which  were 
pointed  out  in  the  natural  hiflory  of  lead.  It 
is  eafy  to  explain  this  multiplicity,  when  we 
confider  how  abundantly  this  metal  is  diffufed 
within,  and  at  the  furface  of  the  earthy  and  in 
how  many  places  it  is  found,  to  what  number-^ 
lefs  circumflances  and  re-a6lions  it  is  expofe(^ 
and  with  what  facility  it  obeys  the  chemical 
attractions  in  its  ftate  of  oxide :  it  has  been 
found  combined  with  the  fulphuric,  .phofpho-. 
ric,  carbonic,  tungftic,  and  pruific  acids^  and 
•  *  '^  we 


"^v^  may  fufpe6l  that  it  exifts  alfo  united  with 
the  muriatic,  fluoric,  arfenic,  molybdic,  and 
chromic  acids,  though  it  has  not  been  yet 
found  in  thefe  laft  five  ftates.  We  muft  not 
forget  that  mineralogy,  though  very  much  ad» 
vanced  by  modei-n  chemifts,  from  the  time  of 
Bayen,  Bergman,  and  Scheele,  to  that  of  Kla- 
proth,  and  Citizen  Vauquelin,  is  ftill  in  its  in^ 
fancy,  ^nd  that,  notwithftanding  the  labours 
^and  multiplied  difcoveyies,  for  which  it  is  in^ 
debted  to  chemiftry,  during  the  laft  thirty  years; 
we  fiiid  that  thofe  valuable  refearches  are  but 
<i  fmall  part  of  the  whole  which  remains  to  be 
^bne. 

32.  The  fulphate  of  iron  exifts  very  fre- 
quently in  nature.  It  manifeftly  arifes  from 
the  flow  combuftion  of  the  native  fulphiiret  of 
this  metal :  it  is  often  diflblved  in  waters ;  fonie- 
times  it  is  found  folid  in  ftala6tites,  in  depo- 
fitions^  fcldom  in  greenifli  rhomboidal  cryftals, 
which  were  formerly  called  green  copperas.  It 
is  known  by  its  colour,  its  acrid  and  ftyptic  tafte, 
and  its  form.  Moft  commonly  it  is  efflorefcent^ 
half-dried,  deprived  of  its  Avater  of  cryftalliza- 
tion,  and  white:  in  this  fl:ate  it  was  formerly 
denominated  fori/.  When  more  deconipofed  it 
affumes  a  yellow  colour,  having  loft  more  wa- 
ter, and  abforbed  more  oxigen  from  the  atmo-* 
fphere,  it  was  denoted  in  the  ancient  mineral- 
ogy by  the  name  of  mify  or  milFy.  Laftly, 
when  it  had  Iqft  a  portion  of  its  acid,  when  its 
QXid^  was  difen^aged,  and  ftill  more  axigena^ 
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Jed  than  in  the  preceding  cafe,  fo  as  to  have 
acquired  a  red  colour,  it  then  conftituted  cot 
cothar^  or  chalcitis  of  the,  ancient  mineralogifts. 
Ail  the  modifications  of  native  fulphuretof  iron, 
more  or  lefs  decompofed  and  altered,  were 
in  general  called  atramentary  Jiones ;  and  as 
by  mixture  with  fome  inflammable  fubftances  it 
frequently  affefted  the  black  colour,  the  name 
melayitery  was  particularly  applied  to  it  in  this 
laft  very  frequent  circumftance.  To  thefe  no- 
tions we  muft  add,  that  in  thofe  places  where 
nature  prefents  this  combination  in  fufficient 
abundance,  particularly  when  diffolved  in  wa* 
ter,  the  arts  ought  to  derive  an  advantage  from 
the  fame,  either  by  evaporating,  to  obtain  the 
iulphate  of  iron,  a  very  ufeful  fait  in  many  ma^ 
nufaclures,  as  I  fhall  hereafter  Ihow,  or  to  pre- 
pare on  the  fpot  various  compounds  which  are 
conftantly  of  ufe  for  the  ptirpofes  of  human 
life.  Nevertherlefs,  this  natural  treafure  is  too 
often  neglefted. 

33.  The  phofphate  of  iron  has  not  yet  been 
comprehended*  by  mineralogifts  in  the  ennmera- 
tion  of  the  many  fpecies  of  iron  ores  which 
have  been  diftinguiflied  and  frequently  defcribed 
with  great  minutenefs.  The  exa6l  and  ikilful 
Haiiy  is  contented  to  announce  at  the  end 
of  the  hiftory  of  oxided  iron,  of  the  variety 
which  he  calls  bog-ore,  the  pofTibility  of  a  di- 
rect combination  of  iron  and  phofphoric  acid 
in  nature.  That  which  he  announces  as  poflible, 
jsj  neverthelefS|   admitted  as  real  by  modern 
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*hemift§.     The  pretended  particular  kind  of 
iron,  which  Bergman  diftinguifhed  from  iron  by 
the  name  o^  fyderite,   or  water-iron^    is   this 
native  phofphate.     It  is  true,  that  it  has  not, 
perhaps,  been  met  with  very  pure  and  well  fepaw 
rated  from  the  other  fpecies,  particularly  from 
the  yellow  oxides  of  iron  in  the  maffes  whereirf 
it  is  mod  commonly  found  annexed ;  but  we 
may  prefume  that  it  exifts  alone  and  indepen- 
dent of  any  other  ores  of  this  metal,  and  that 
mineralogifts  will  foon  learn  to  diftinguifli  it, 
and  perhaps   to  difcover  it  pure,  and  in  the 
cryilalline  form,  in  thofe  places  where  the  bog* 
ore  is  met  with.     Hitherto  it  has  only  been  ad- 
mitted in  this  fpecies  of  ore.    It  has  been  afcer- 
tained  that  there  is  fcarcely  any  oxide  of  na- 
tive iron^  particularly  in  marftiy  places,  in  hol- 
low  grounds  covered  with  vegetables,  which 
does  not  contain  more  or  lefs  of  phofphate  of 
iron,   and  that  the  bad  quality  of  cold  Ihort 
iron,    particularly  obtained  from  thefe  ores,  is 
to  be  attributed  to  this  fubftance.     It  is  very 
common  to  find  in  the  bog-ores,  portions  which 
are  more  coloured,  more  denfe,  more  faline,  and 
diftinguifhed  from  the  reft  of  the  mafs  of  fimple 
oxides,    as  grains    are    diffeminated   in  pafte* 
Thefe  particles  have  appeared  to  me  to  be  pure 
phofphate   of  iron,  and  I  have  no  doubt  but 
that  it  will  hereafter  not  only  be  extra6led  from 
thefe  ores,  but  found  feparately  in  natufe.  The 
phofpliate  of  iron  is  ftrongly  charaderized  by 
its  property  of   forming  a  phofphuret    when 
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heated  \^ith  charcoal  It  precipitates  fn^m  iti 
iulphuric  folution  in  a  very  heavy  white  pow- 
der, though  it  long  remains  in  &  ftate  of  divi- 
fion ;  we  fliall  fee  that  by  this  phenomenon  the 
cold  ihort  iron  arifing  from  many  bog^orcs  has 
been  difcovered  and  analyzed,  and  that  it  con* 
iains  phofphorus,  and  not  the  phofphate  of  iron,, 
as  has  been  afcertained  and  repeated  in  a  gxc&t 
number  of  chemical  writings.  It  is  by  the 
very  efFe6l  of  the  aftion  of  the  fulphuric  acid 
on  this  phofphuret  of  iron,  and  by  the  oxigen 
afforded  by  the  water,  that  it  paffes  lio  the  ftatft 
of  phofphate  of  iron* 

34.  The  native  tungftate  of  iron,  of  which 
I  have  fpoken  at  the  article  of  tungften,  may 
be  reckoned  among  the  faline  iron  ores,  fincQ 
it  is  ^  combination  of  the  tungftic  acid  and 
the  oxide  of  this  metal,  mixed  in  faft,  or  rather 
in  part  faturated  with  oxide  of  manganefe.     It 
was  formerly  called  IVolfram  from  two  German 
words,  whiph  fignify  the  foam  of  the  wolf   It 
was  at  different  periods  taken  for  an  arfenical 
tin-ore,  a  mixjiure  of  manganefe,  iron,  and  lin, 
for  a    fchorl,    for   a    bafaltes   charged    with 
iron^  &c.  &c.     Meffrs.  D'Elhuyar,  Spaniihche- 
mifte,  M'^ere  the  firfl  who  difcovered '  th^t  it  is 
a  true  tungftate   of  iron.     This  fait  is   of' a 
brownifh  black,   in  irregular  maflfes,  -  or  cryflal- 
lized  in  hexahedral  prifms,  terminating  in  tc- 
trahedral  pyramids,  with  angles  truncated*    It 
is  brilliant,  and  almoft  metallic,  in  its  foliated 
frafture ;  its  powder  is  reddifli  brown ;    it  ia 
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very  heavy ;  its  (i>ecific  gravity  is  6,835 ;  it  is 
nearly  infufible  alone,  but  flows  very  well  with 
three  or  four  times  its  weight  of  pot-afh,  which 
forms  a  foluble  alkaline  tungftate,  and  leaves 
the  oxide  of  manganefe  and  iron  feparate.  It 
is  alfo  attacked  by  the  muriatic  acid  which  dif- 
folves  the  iron,  and  feparates  thetungftic  acid  in 
yellow  powder.  Meflrs.  D'Elhuyar  found  it  to 
be  compofed  of  0,65  tuhgftic  acid,  0,22  oxide 
of  manganefe,  0, 1 3  oxide  of  iron.  From  this 
laft  refult  we  fee,  that  if  we  attend  to  the  moil 
abundant  principles  of  this  natural  compound, 
the  wolfram  ought  to  be  referred  to  the  ores 
of  tungften,  which  ought  at  leaft  iii  appear- 
ance rather  to  be  referred  to  manganefe  than  to 
iron ;  but  it  has  been  -fuppofed  that  the  oxide 
of  manganefe  is  only  difleminated,  or  mixed^ 
pot  necefTary  to  its  compofition ;  and  for  this 
reafon  it  was  merely  denominated  tungftate  of 
iron,  in  which  it  was  thought  that  the  oxide  of 
iron  faturates  the  tungftic  acid ;  and  fince  the 
colour  of  this  fait,  as  well  as  its  nature,  its 
form,  and  its  properties,  have  feemed  to  be 
in  great  part  owing  to  the  iron,  in  its  claiiifica* 
tion,  it  has  generally  been  placed  among  the  ores 
of  that  metal.  Its  only,  at  the  fame  time,  mofi 
jmpprtant  ufe  for  chemifts,  is  tliat  it  affords  the 
tungftic  acid,  which  it  affords  by  the  fame  pro- 
cefs  as  the  tungftate  of  lime,  that  is  to  fay,  by 
the  fucceffive  adion  of  muriatic  acid  which 
takes  up  the  metallic  fubftances,  and  ammonia 
which  takes  up  the  acidt 

35.  The 
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S5.  The  carborMitc  of  iron  is  one  of  the  mod 
abundant  and  mod  pure  ores  of  this  nietal.     In 
metallurgy  it  is  frequently  called^ef/ore,  be- 
caufe  it    eafily    affords  this  modification   of 
iron.     It  has  alfo  been  called  fpathofe  iron,  or 
martial,    or  ferruginous  fpar,  white   iron  ore, 
becaufe  it  refembles  in   its   colour  its  laminss 
and  its  texture,  certain  calcareous  fpars.     This 
ore,    which   is  abundantly    difperfed   in   forae 
places,  is  particularly  fo  in  the  Pyrennean  moun* 
tains^  where  it  is  depofited  in  veins  or  thick 
deep  ftrata,  cryftallized  like  carbonate  of  lime 
either  in  its  primitive  rhomb,  or  in  the  fecon- 
dary  forms  which  it  aflumes  by  the  laws  of 
diminution  of  the  rhomboidal  particles :  this 
fait  is  never  the  pure  carbonate  of  iron.     Be- 
fides  the  oxide  of  manganefe,  which  it  fo  fre* 
quently  contains,  and  which  caufes  its  colour 
to  vary  from  white   to  fawn  colour,  or  blue, 
red,   or  blackifli-brown,    or  black,  according 
io  its  ftate  of  oxidation,  it   is  always  mixed 
"with  carbonate  of  lime,  which  amounts,  accord- 
ing to  Bergman,  to  half  its  weight,  and  which 
Gitisren  Haiiy  very    ingenioufly  confiders  as 
the  origin  of  its  form,   abfolutely  in   the  fame 
manner  as  it  is.  of  the  rhombt)id  of  gritftone  of 
Fbniainebleau ;  fo  that  its  accurate  cryftals  may 
be  confidered  as  carbonate  of  lime,  mixed  with 
carbonate  of  iron,  interpofed  between  its  rhom- 
boidal plates,  as  well  as  the    oxide    of  man- 
ganefe.    It  is  not,   therefore,  as  chemifts  and 
mineralogifts  jiaye  formerly  thought,  oxide  of 
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iron' immediately  faturated  with  caiboAicracid 
firft  diffolved  in  water,  and  afterwards  depofited 
in  the  cryftalline  form,  nor  is  it  the  ferruginous 
fait  which  has  replaced  the  calcareous  earth, 
afluming  its  form  as  if  caft  in  a  mould  ;  but  it 
is  carbonated  lime  mixed  with  carbonate  of 
iron,  as  Cronftedt  formerly  announced,  who 
was  the  firft  who  conne6led  the  knowledge  of 
chemiftry  with  the  method  of  mineralogy.  This 
ore  has  the  property  of  becoming  black  by  the 
zBign  of  fire,  and  affords  the  gafeous  carbonic 
acid,  either  by  diftillation  or  by  the  aftion  of 
acids ;  it  becomes  coloured  by  the  a6lion  of  the 
air,  a,nd  gradually  affumes  a  brown  or  black 
ihade  by  the  oxidation  of  the  manganefe  it 
contains,  as  Bergman  has  proved  in  his  ex* 
cellent  diflertation  on  the  white  iron  ores,  ia 
which  treatife  the  author  defcribes  the  proper- 
ties of  manganefe  in  fo  complete  and  fo  metho* 
dical  a  manner  for  the  time  in  which  he  wrote, 
that  upon  an  attentive  perufal  we  are  difpofed 
to  think  it  was  written  rather  for  the  purpof^ 
of  affording  an  account  of  the  latter  metal, 
than  to  exhibit  a  detail  of  the  properties,  of  the 
carbonate  of  iron  known  under  the  name  of 
white  iron  ore.  Bay  en,  who  firft  analyzed  the 
fpathofe  iron  in  France,  and  exhibited  the 
prefence  of  carbonic  acid,  alfo  ihowed  as  well 
as  Rouelle  the  younger,  that  it  is  capable  of 
diffolving  in  water  charged  with  carbonic  acid, 
and  by  that  means  of  very  exa6lly  imitating 
a  great  number  of  fpiruginous  mineral  waters^ 
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3^.  A  kind  of  oxide  of  irdn  of  a  lolue  dolour 
has  been  denominated  pruffiate  of  iron,  which 
is  always  of  a  lighter  colour  than  the  artificial 
Pruffian  blue,  is  found  frequently  in  peat  molfes, 
in  earths  impregnated  with  oxide  of  iron,  in 
which  vegetable  and  animal  matters  are  decoiH- 
pofed  by  flow  putrefaction.  Bergman  has  adf 
initted  to  this  fpecies  of  native  falfe  blue,  pro* 
perties  analogous  to  the  prufliate  of  iron  fabric 
cated  by  art.  It  is  frequently  colourlefs  when 
taken  out  of  the  earth,  and  becomes  blue  by 
cxpofure  to  the  air.  It  is  attacked  by  the 
alkalis,  in  which  circumftance  it  refembles  the 
artificial  Pruffian  blue ;  but  it  differs  from  it 
becaufe  the  acids  alter  it  much  more  ftrongly 
than  they  do  that  fubftance*  It  is  not  yet  well 
underftood, 

37.  Citizen  Haiiy  diftinguiflies  another  fpc* 
cies  of  iron  ore  which  he  denominates  quarti 
iron:  this  is  emery,  a  well  known  fubftance, 
much  ufed  in  grinding  the  hardeft  ftones.  He 
confiders  it  as  a  particular  combination  between 
the  particles  of  quartz  and  thofc  of  iron,  and 
not  as  a  fimple  mixture,  becaufe  it  is  harder 
than  quartz ;  which  would  not  be  the  cafe  if 
the  two  fubftances  were  only  mixed.  It  appears 
that  this  property  depends  on  the  black  oxide 
of  iron,  which  is  well  known  to  poffefs  extreme 
hardnefs,  fo  that  it  cannot  be  a6led  upon  hxA 
with  great  difficulty  by  the  beft  files,  and  that 
it  is  ncceffary  to  admit  a  particular  combin^T 
tibn  Jyetween  iroji  and  quartz  to  explain  thii 
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property.  It  is  to  this  fpeiies,  which  inay  be 
^onjQdered  as  a  mixture,  in  which,  the  force 
of  aggregation  has  condenfed  the  particles  of 
quartz  and  iron,  that  y  t  muft  refer  all  the  othei^. 
mixtures  of  iron  in  'ifferent  Hates  of  oxide 
with  fauds,  alumine,  carbonate  of  lime  under 
the  form  of  powder  or  gravel,  the  ferruginous 
black,  red,  or  yellow  fand. 

38.  Hence  according  to  the  method  I  have' 
expofed  in  this  iketch  of  the  natural  hiftory  of 
iron,  we  may  refer  the  numerous  varieties  of 
the  ores  of  this  metal  to  fifteen  principal  fpecies  ; 
namely, 

u.  Native  iron. 

b.  Arfeniated  iron. 

c.  Carburet  of  iron. 
J.  Sulphuret  of  iron. 

e.  Arfeniated  fulphuret  of  iron, 

f.  Black  oxide  of  iron. 

g.  Pyrocite  oxidule  of  iron. 

h.  Oligift  oxidule  of  iron. 

1.    Yellow  or  red  oxide  of  iron. 

Ar«  Sulphate  of  iron. 

L   Phofphate  of  iron. 

m.  Tungftate  of  iron. 

n.  Carbonate  of  iron. 

0.  Pruffiate  of  iron. 

p.  Quartzofe  iron. 

To  all  the  varieties  comprifed  in  each  fpe- 
oio^j  we  muft  add,  not  as  iron  ores>  but  as^af 
\WLd  of  appendages  to  thofe  ores,  the  ftones 
fiifilcleatly  charged  with  this^  metal  m-  t;he  form 
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of  Mack  bxide  to  be  attra6led  by  the  ittagnet, 
or  to  be  magnets  themfelves,  fuch  a»  the  trappy 
and  certain  fpecies  of  hard  and  fonoroUs  ferpen-' 
tines.  We  may  alfo  confider  a  great  part  of  the 
volcanic  lavas  as  fubftances  fufficiently  rich  in 
iron  to  be  compared  with  the  ores  of  thi^ 
metal. 

^  -        I).  JJt^y  ^^  Metallurgy. 

59.  The  number  and  the  different  nature  of 
the  ores  of  iron  I  have  defcribed,  require  parti- 
cular methods  or  proceffes  for  analyzing  themi 
Neverthelefs,  it  has  almoft  conftantly  been 
ufual  to  treat  them  in  a  general  manner  in  the 
affays  in  the  dry  way.  The  iron  ores  are  firft 
roafted  in  order  to  deprive  them  of  fulphur,  or 
to  render  them  brittle  and  pulverulent ;  for  it  is 
eafy  to  fee,  that  with  refpe6l  to  their  analyfis, 
they  may  in  general  be  confidered  either  , as 
containing  fulphur,  or  as  being  fimple  oxides, 
or  as  being  loaded  with  acid.  When  the  acid 
is  volatile  it  efcapes,  like  the  fulphur,  during 
the  roafting ;  when  it  is  fixed,  the  ores,  which 
contain  it,  are  not  ufed  for  extfa6ling  the 
metal,  but  they  are  merely  refefved  for  certain 
particular  ufes*  When  the  ore  is  defulphuratlsd, 
deprived  of  its  acid,  or  divided  by  the  a6);ion.of 
the*  fire,  nothing  more  is  required  than  to  obtain 
the  metd  by  f  ufion,  which  feparates  the  portion 
of  gangue  which  it  contains,  and  deprives  it  of 
th«  oxigen  with  which  it  may  be  more  or  Ids 

charged 


charged.  For  this  purpofe,  it  is  mixed  with 
charcoal  and  faline  fluxes,  fuch  as  borax,  the 
alkaHs,  glafs,  or  muriate  of  foda.  The  addi- 
tions vary  in  the  different  proceffes  which 
authors  of  chemiftry  have  pointed  out,  the  prin- 
ciple of  which  muft  be  here  fliown. 

40.  Bergman  direds  us  to  put  the  ore,  roafted 
or  not  roafted,  according  to  its  natufe  and  parti- 
cular qualities,  more  efpecially  the  carbonates  of 
iron  or  white  fpathofe  ores,  into  a  crucible,  lined 
with  half  an  inch  depth  of  charcoal  powder  at 
the  bottom,  and  one  eighth  of  an  inch  at  the 
fides;  to  cover  them  with  calcined  borax ;  to 
lute  another  crucible  over  them,  and  to  expofe 
them  to  complete  fufion  by  the  heat  of  a  forge. 

Citizen  Guy  ton  has  recommended  for  this  ope- 
ration, which  is  always  difficult,  a  kind  of  flux, 
that  afforded  him  the  greateft  fuccefs.  He  advifes 
the  ufe  of  a  mixture  of  eight  parts  of  pounded 
glafs,  one  part  of  calcined  borax,  and  half  a  part 
of  charcoal ;  two  p^trts,  or  at  moft  three,  of  this 
fliux  is  to  be  taken,  if  the  ore  be  very  pure,  to  one 
of  the  ore;  the  mixtlire  is  put  into  a  crucible^ 
^ned  with  clay  and  charcoal  powder  to  the 
thickn^fs  of  one  inch,  with  a  crucible  luted  on ; 
this  velfel  is  then  to  be  heated  by  a  very  violent 
forge  for  lialf  an  hour.     He  makes  this  alTay 
twice,  namely,  with  the  roafted  ore,  and  the  ore 
which   is  not  roafted,  of  which  he  takes   not 
more  than  three  grains.     In  this  manner  a  but- 
ton of  pure  and   du6lile   iron  is  obtained,   of 
which  the  weight  indicates  the   quantity  of 

metal 
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metal  contained  in  the  ore  titlder  examination. 

Mr.  Kirwan,  in  his  mineralogy,  gives  another 
procefs  extrafted  from  Creirs  annals,  to  affay 
the  argillaceous  and  filicequs  iron  ore,  that  is 
to  fay,  the  oxides  of  iron  mixed  with  clay  and 
filex.  Four  parts  of  the  ore  are  taken  with  1,25 
j>arts  of  quick-lime,  1,25  of  fluateof  lime,  one  of 
powdered  charcoal,  and  four  parts  of  decre- 
pitated muriate  of  foda.  When  the  whole  is 
well  mixed,  it  is  put  into  a  crucible,  fined  with 
charcoal,  to  which  a  cover  is  luted  ;  and  when 
dry  it  is  placed  in  a  forge,  arid  a  mo<)erat6  heat 
supplied  for  a  quarter  of  an  hour,  and  the  ftrongeft 
heat  for  three  quarters  of  an  hour.  If  flaked 
lime  be  ufed,  the  weight  of  this  ingrediwit  muft 
be  doubled..  The  calcareous  iron  ores  are 
treated  in  the  fame  manner,  by  fubftitixting 
twice  the  weight  of  calcareous  fluate  inftead  of 
the  lime.  The  fulphureous  ores  are  affay ed  aft«r 
the  roafting  by  treating  in  the  fame  manner  four 
parts  with  two  parts  of  lime,  two  of  fluate  of 
lime,  one-third  of  charcoal,  and  .four  parts  iA 
decrepitated  muriate  of  foda.  Care  muilfbe 
taken  in  this  procefs  byfuiion,  to  agitlate  tike 
crucible  a  little,  in  order  to  colleQ;  the  metaL 

41.  The  affays  in  the  dry  way,  adhere  de- 
fcribed,  do  not  indicate  the  nature  of  the  metal^ 
or  the  alloys  they  can  aiford.  They  only  jfive 
the  quantity  of  ironv  But  iron  ores  may  silfo 
contain  manganefe,  and  it  is  important  to-  Mt 
able  to  afcertain  its  prefence.  The  folio win|f  i§ 
pointed  out  by  Bergman,  as  the  beft  proee&  in 
5  ^  the 


the  dry  way  for  this  purpofe.  A  fmaH  quantity 
muft  be  heated  to  whitenefs  in  a  crucible,  and 
upon  this  five  times  its  weight  of  purified  nitre 
is  to  be -thrown,  taking  care  that  neither  char^^ 
coalnof  aflies  enter  into  the  crucible.  Whea 
the  nftixture  is  cooled,  the  upper  part  of  th^ 
crucible  will  be  covered  with  a  greetoiih  o» 
blueift  cruft,  if  the  ore  contain  r  iHgaitefer 
Thfsis  nothing  more  than  an  indication  whicH 
affords  na  knowledge  of  the  proportio^n  of  tbi| 
brktle  metal ;  and  this,  according  to  the  remarl^ 
Off  Citizen  Vauquelin,  is  capable  of  producitig 
Wt-a*r0neous  cbnclufiofi,  becaufe  the;  alkali 
alcmcii  the  oxide,  of  the  iron,  or  the  druciblef 
mfty pvAdace  a  gfeeii  colour  without  (containing 
maqguvefe^  But  we  cariilot  obtain  this  know> 
ledg^  Ij^  the  dry  way,  it  can  only  be  afforded 
by  the  hdtmd  docimafy.  -      "        ^ 

i The  fame  cheihift  alfo  gives  ^-  limple  and 
cafy  method  to  determine  the  nature  of  th« 
brittle,  iron,  called  red  ihort,  or  cold  fliort* 
He  prbpdfes  to  f ufe  the  metal  obtained  from 
thefirii  prodefs,  with  one-fourth  of  its\  weight 
of  good  malleable  iroUj  in  a  lined  and  \^h 
cohered  crucible  ;  if  the  iron  thus  treated  is 
brittle^  when  cold,  the  ore  which  aJ^ord»  it 
will  give  cold  ftiOrt  i^on.  If,  on  the  cow 
tnry>  the  alloyed  iron  breaks  uiifder  the  heim^ 
tti6r^  when  heated  the  ore  will  give  oiily  red 
flrtrt  li^nv  It  is^  very  evident,  thafi  all  theft 
fofiilts  ftT0  mere  approximations^  and  *  (iati  only 
4S6|d  indications  or  figns. 
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42.  .The  affays  which  Bergman  has  propofed, 
by  means  of  acids,  or  in  the  humid  way,  are  true 
analyfes,  piuch  more  exa6l  than-the  proccffes 
before  defcribed,  and  afford  a  certain  knowledge 
of  the  nature  and  proportion  of  the  component 
parts  of  iron  ores ;  the  general  method  he  points 
out  for  the  ferruginous  oxides,  fuppofing  that 
they  do  not  contain  much  earth  or  ftony  mat- 
ter, is  to  diflblve  them  in  muriatic  acid,   and 
precipitate  them  by  means  of  the  pruiliate  of 
alkali.    I  have  not  yet  fpoken  of  the  pruific 
acid,  becaufe  it  is  the  produft  of  a  particular 
decompofition  of  organic  fubftances^  conceming 
which,  I  cannot  treat  but  in  the  fucceeding  fec- 
tions  of  this  work.     But  it  will  fufficc  to  ilate, 
in  this  place,  in  order  to  afford  a.  clear  compre- 
)jenfipA  of  Bergftian's  procefs,  that  in  the  pruf-^ 
fiates   the  alkali  is  faturated  by    a  fubftance, 
which  iron  diflblved  in  an  acid  takes,  from  it, 
while  it  yields  its  acid,  and  with  which  fijbftancc 
the  oxide  of  the  iron   forms  a  beautiful  •  blue 
colour,    known    under  the   name    of  Pruffiari 
tlue,  which  is  not  only  an  indication  of  iron, 
but  may  alfo  ferve  to  determine  its  proportioa 
This  precipitate  is  collefted,  waihed,  dried,  and 
jreighed. .   Its  weight  divided  by  fix,  and  de- 
dufting  alfo  four  hundredth  part3  for  a  portion 
crfthis mrtal,  which  always exifts  in  thepruffiatc;. 
gives  the  propor,tion  of  the  iroA.^ontaiaed  in  :tie 
9rA  with  cpnfider^ble  .ex^6l;ne£s.  .  Iijc.g^feitlm 
Dre  cQutaips  at  the  faiHie  tii^pie  manganefe'Of 
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^^\tiC^  which  is  Very  frequent  as  td  the  firlt  of 

tliefc  metals,  ^nd  not  quite  fo  frequent  for  the 

fecortd,  the  following  is  the  method   of  Berg-« 

man  to  afcertain  their  exiftence  fend  propoftidn* 

Pruffian  blue  precipitated   from  the  murtatid 

folutfon  is  calcined  to  rednefs ;  then  treated  by 

the  nitric  acid,   which  takes  up  only  Oxide  of 

zinc,  when  this  is  carried  off  new  nitric  Acid  is 

poured,  with  a  little  fugar  or  flour,  on  the  refidiie ; 

and  bv  this  fecond  treatment  the  oxide  of  man* 

ganefe  is  feparated  if  prefent  j  the  I'emainder  is 

,    afterwards  to  be  dlifolved  in  muriatic  acid.     It 

L    is  merely  oxide  of  iron,  and  is  to  be  precipitated 

by  the  carbonate  of  foda.     After  waihing  and 

drying,  its  weight  is  to  be  found,  whence  by 

deducing   the    proportion    of   carbonic    acid 

which  it  Contains,  the  quantity  of  iron  in  the 

fete  of  oxide  is  known.     Two  hundtcd  and 

twtnty--five  parts  of  this  precipitate  reprefent 

one  hundi'ed  paits  of  iron.     Tliis  method  of 

feparating  the  three  metals  in  oxides,  might 

be  applied  to  all  the  ores  of  iron,    if  it  were 

exaft.     But  Citizen  Vauquelin,  in  his  analyfil 

of  fteels,  has  Ihowu  that  it  is  very  faulty,  and 

that  Bergman  often  took  iron  for  manganefe^ 

43*  The  white  iron  ores  or  carboilates  of 
ilon,  mixed  with  the  carbonate  of  lime,  are  to 
be  treated  according  to  the  method  of  the  fame 
chcBttift,  by  heating  them  firft  confiderably^  in 
order  to  drive  off  the  carbonic  acid  and  water, 
'  and  to  determine  the  weight  of  thefe  fubftances. 
The  lime  is  in  the  next  place  taken  away  by  the 
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nitric  acid,  which  does  not  aft  upon  the  oxide 
of  iron,  but  which  is  to  be  left  until  the  acid 
acquires  a  yellow  colour.  The  calcareous  earth 
is  precipitated  by  foda.  The  undiffolved  me- 
tallic portion  is  afterwards  treated  as  before 
mentioned.  Einman  thought  that  the  fpeci6c 
gravity  of  thefe  ores  is  to  the  iron  they  contain 
in  one  hundred  parts,  as  four  to  five. 

Iron  ores  containing  fulphur,  alumine,or  ftony 
matters,  are  alfo  very  eaifily  analyzed  by  the 
muriatic  acid.  If  this  acid  does  not  aft  fuffici- 
ently  upon  the  fulphurets,  its  aftion  muft  be 
affifted  by  a  little  nitric  acid.  If  the  gan^e  be 
not  foluble,  which  is  the  cafe  when  it  is  of  a 
quartzofe nature,  it  will  be  found  after  the  fepa- 
^ation  of  the  oxide  of  iron.  If  it  be  aluminous 
or  calcareous,  it  is  precipitated  after  the  iron, 
which  is  feparated  alone^by  the  prufliate,  leav- 
ing the  pure  earths  diffolved  in  the  acidt 
;  44.  With  regard  to  the  native  falts  of  iron,  fuch 
as  the:  f  ulphate,  the  phofphate,  and  the  tungilate, 
it  muft  be  remarked,  that  the  latter  is  aflayed  and 
known,  and  the  analyfis  performed  in  the  fame 
manner  as  >vith  regard  to  the  t.ungftate  of  lime. 
The  fulphate  is  well  known  by  its  tafie^.  and  is 
in  other  refpefts  foeafy  to  analyze,  a$  we.fball 
fee  in  the  hiftory  of  this  artificij^l  falt^  that  we 
need  not  in  this  pkce  fpeak  of  the  method  pf 
examining  it.  The  phofphate  of  iron,  which 
has  not  hitherto  been  found,^  excepting  when 
mixed  with  the  yellow  or  brown  oxid^  ofciroft 
is  very  diftinft,  and  well  chara^eri^ed  by.ife 
;     ■  property 
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property  of  precipitating  from  its  acid  folutions 
in  a  white  powder  by  mere  repofe,  I  fhall  pre- 
fently  fpeak  of  it  more  at  length.  The  quartzofe 
iron  is  fomewhat  difficult  of  treatment,  neVer- 
thelefs  it  does  not  refift  the  long-continued 
adlion  of  acids  any  more  than  furruginous, 
fandsand  the  different  fpecies  of  ochres. 

45.  The  treatment  of  iron  ore,  in  the  large 
way,  is  one  of  the  moft  admirable  operations  of 
metallurgy.  Thefe  ores  are  in  general  the  moft 
refraftory,  the  moft  difficult  to  treat,  thofe  which 
require  the  greateft  fire  and  the  be  ft  furnaces. 
In  general  this  treatment  varies  according  to 
the  ftate  and  nature  of  the  iron  in  its  ores« 
Some  require  no  previous  preparation  before 
reduftion  and  fufion  ;  others  muft  be  pounded 
and  waflied,  and  fometimes  even  roafted,  in 
order  to  render  them  more  brittle  and  fufible. 
The  hematites,  the  bog-ores,  the  earthy  ores  ia 
mafles,  in  grains,  in  pifolites,  and  in  oolites, 
are  in  general  fufed  in  the  midft  of  charcoal. 
The  furnaces  for  this  fufion  are  from  twelve  to 
thirteen  metres  or  yards  in  height,  and  are  cou- 
ftrufted  with  very  refra^ory  bricks..  Their  ca- 
vity is  the  fig'ure  of  two  quadrilateral  pyramids, 
or  quadrilateral  long  cones,  the  points  of  which 
are  direfted  upward  and  downward,  and  the 
bafes  meet  at  about  half  the  height  of  the  fur^ 
nace.  The  wideft  part,  or  the  place  of  this  meeting 
is  called  the  ftage.  Towards  the  bottom  of  this 
vaft  furnace  an  aperture  is  made  for  the  purpofe 
of  drawing  out  the  caft  iron,  but  which  is  kept 
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clofed  with  eartl),  while  the  ore  is  reduced  and 
fufedf  Tp  this  aperture,  without  the  furnace, 
there  is  ai^orrefpondent  triangular  channel  in 
Ihp  ground  for  the  purpofe  of  receiving  the 
fufed  metal.  The  procefs  is  commenced  by 
throwing  fome  lighted  brufliwood  into  the  fur^ 
tiace,  upon  which  charcoal  of  wood  or  pit-coal 
of  a  dry  and  fufible  nature,  is  thrown,  Ip  the 
inidft  of  this  charcoal,  and  almoft  mixed  with  it, 
is  put  the  ore,  to  which  afterwards  are  added, 
fome  fluxes  of  the  mod  copmop  kind,  and  the 
|no{l  eafy  to  be  procured.  It  is  commonly  the 
compaA  *of  liqie-ftone  or  carbonate,  of  lime, 
whiph  wp  call  cqfiine^  and  fometimes  the 
Jtrgillaceous  fton^s  are  pveferred,  which  are 
diftinguiflied  by  the  name  of  arbue.  The 
>vhole  of  what  is  thus  thrown  into  the  fur^ 
pace  is  covered  wit^i  a  thick  ftratum  of  char- 
coal which  rifes  to  the  upper  aperture  of  the  fur- 
nace. The  fufion  is  promoted  by  urging  the  fire 
^  ftrongly  as  poflible,  by  comprefled  air  forced 
by  means  of  bellows  moved  by  water  or  the 
vapouf  of  water  received  in  a  ftpam  engine. 
This  la(t  inftrument  which  poiTefles  great  power 
has  been  eftabliflied  in  the  works  of  Greufot 
jiear  Autop,  and  is  cj^lled  the  blowing  ihaehine, 
The  oxide  of  iron  is  reduced  and  flows  in  the 
tnetallic  fo^m  through  the  coal  hiy  means  of 
which  it  W2^3  heated.  At  the  fame  time  the 
ftony  matters  or  earths  which  accompany  the 
pxide,  or  >vhich  are  added  as  a  flux,  become 
Yttrififd,   and   favor  the  fufiou  of  the   iro? 
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trhich  commences  in  the  wide  or  hotteft  part 
of  the  furnace  near  the  ftasre.  The  metal  is 
collected  in  theMoM^er  part  of  the  furnace 
Avhich  has  a  Hope  towards  the  opening  I 
have  mentioned.  ^Vhen  the  fufion  is  very 
perfeft,  the  aperture  at  the  bottonii  of  the 
furnace  is  opened  by  a  bar  of  iron,  and  the 
metallic  matter  flows  out  in  a  very  fluid 
ftate  into  a  channel  t)r  receptable  which  it 
gradually  fills.  After  the  metal,  flows,  in  a 
mafs  of  various  degrees  of  foftnefs,  du6Hlity 
or  fufion,  the  vitrified  fubfl^ance  which  forms 
the  .flag,  and  becomes  fixed  into  an  opaque, 
grey,  green,  whitifli,  bluifll,  or  even  yellowilh 
and  broAvn  glafs,  according  to  the  nature  of 
the  ore,  and  ftrength  of  the  fi^e.  ITie  work- 
men frequently  form  a  judgment  of  the  ftate 
of  their  operation,  and  the  nature  of  tlie  me- 
tal by  the  properties  of  this  flag,  which  fup- 
pofes  on  their  part  a  long  feries  of  obfervations 
on  all  the  (differences  it  prefents,  compared  with 
the  difi^ererit  circumftances  which  accompany 
its  formation.  This  relation  between  the 'flag, 
and  the  nature  of  the  metal,  which  is  obferved 
in  the  high  furnaces  mufl:  require  (in  order  that 
it  may  be  known  with  accuracy)  conne6led  ex- 
periments, and  an  analyfis  of  all  the  varieties 
which  this  flag  prefents.  ,No  chemifl;  has  yet 
attempted  this  analyfis. 

46.  The  metal  thus  reduced,  and  cafi:  in  the 
triangular  channel,  in  which  it  congeals  into  a 
iarge  mafs  of  the  fame  fofm,*  is  called  by  me- 
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tallurgifts'crudc  iroii,  taft  iron.  It  is  luot  yet 
a  true  iron.  In  this  firft  ftate  when  it  comes 
out  of  the  fmelting  ifurnace,  it  is  not,du3^ile, 
^ut  harfli  and  brittle,  and  on  that  account 
cannot  be  applied  to  any  of  the  nfes  of  iron 
properly  fo  called,  Which  in  the  arts,  as  well  as 
in  metallurgy,  is  carefully  diftinguiflied  from 
iron  by  the  ng,mes  I  have  here  pointed. out. 
"^etallurgifts  and  chemifts  have  long  enter? 
tained  fyftematic  and  erroneous  opinioxis  of 
the  metftl  thus  caft, '  and  the  caufes  of  its  dif? 
ferencea  froni  bar  iron.  Some  have  thought, 
and  feyeral  ftill  continue  to  think  that  its 
great  fi^fibility,  brittlenefs,  e^^ceffive  hardnefs, 
granulated  texture  refembling  that  of  the  britr 
tie  metals,  depend .  on  the  portions  of  a  greater 
or  lefs  quantity  of  the  vitrified  fcoria  or  .flag 
Mvhich  remains  united  with  the  iron,  Cheipiii? 
%vhQ  are  .aware  from  their  own  experiment^ 
that  a  fubftance  fufed  into  glals  cannot  unite 
to  a  metaX  have  entertained  very  different  no*- 
tions  refpefting  the  nature  of  crudeuron.  Some, 
with  Brandt,  have  thought  that  it  owed  its 
qualities  to  arfenic;  others  fuppofed  that  >«inc 
conftantly  remaining  united  with  this  metal  was 
the  true  fource  of  its  properties ;  and  othen 
Jiave  attributed  them  to  manganefe.  But  as 
no  pofitive  experinient  had  proved  the  gene- 
rality of  the  prefence  of  any  one  of  thef^  three 
metals,  or  t]ieir  conftant  exiftence  in  the  dif- 
fent  kind$  qf  crude  iron,  the  moil  accurate 
chemifis  h^ve  concluded  that  call  i]:on  is  im- 
pure 
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pure,  iron,  not  yet  completely  or  perfectly  re-^ 
duced  containing  in  fome  meafure  a  portion  of 
oxido  interfperfed  between  its  parts.     Never* 
thelefs  this  lad  affertion  was  alfo  in  contradic** 
tion  to  the  accurate  notions  of  chemiftiy,  be* 
caufe  it  was  well  known  that  an  oxide  can* 
n0t  in  any  manner  remain  combined  with  the 
metal  which  afforded  it     Bergman  v  therefore 
adopted  another  opinion  refpeding  the  nature 
of  caft  iron ; ,  he  attributed  its  properties  to  the 
prefence  of  a  particular  metal  which  he  named 
fiderite.     It  was  foon  proved  to  be  a  combina^ 
tion   of   phofphorus  and  iron,    and  in,  truth 
cxifts  in  many  caft  irons,  whether  this  fubftance 
do  originally  rife  from  the  bog^ores,  or  whe- 
ther it  may  have  been  afforded,  as  frequently 
ha{>pens,  by  certain  fpecies  of  pit-coal  with  whicA 
foni^  fmeltiug  furnaces  are  fed.     But  thougk 
the  prefence  of  this  phofphoret  of  iron  is  in*- 
dubitable  in  many  caft  irons,  and  contributes 
to  render  them  brittle,  it  is  fufficient  to  ob/.' 
ferye  there  are  fome  which  do  not  contain  it^ 
in  order  to  prevent  its  being  conftantly  af- 
fumed^  33  the  general  caufe  of  the  prop'fcrties  of 
the  metal  in  this  ftate  of  crude  iron.     It  be* 
com^s  neqeffary  to  difcover  the  more  general 
and  confiant  caufe  in  all  the  different  kinds  of 
caft  ironu     This  valuable  difcovery  was  owing 
to  thr^e  French  philolbphers  wlao  were  jointly 
employed  in  this  refearch.     CitiaieDS  Vandeiv 
mont,  MoBge,  and  Berthollet,  found,  by  weU 
condu£);ed  experiments^  and  by  availing  them^- 
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felves  at  the  fame  time  of  all  th6fe.*which  had 
been  mack  before  them,  particularly  the  refults 
of  Bergman  in  his  analyiis  of  iton,  that  crude 
iron  is  metallic  iron  united  '«'iih  a  certain  pro- 
portion of  oxigen,  and  combined  at  the  fame 
time  with  carbon,  and  that  the  differences 
which  it  prefents  depend  on  the  relative  pro- 
portion of  thefe  three  matters.  Their  exaA 
and  clear  refults  have  obviated  every  ditficulty 
which  had  before  entbarraffed  the  hiftory  of  this 
ufeful  fubftance,  and  clearly  explained  all  the 
obfcurities  which  were  formed  in  the  different 
proccflTes  of  the  preparation  and  working  of 
the  various  ores  of  iron. 

47-  Metal  lurgifts  carefully  diftinguifh  various  ' 
ipecies  or  rather  varieties  of  caft  iron,  particu- 
larly fbar,  "known   under  thcT  name  of  white 
crude  irbn^  grey  crude  iron,  black  crude  iron, 
and  fpotted  crude  iron. 

A.  The  white  crude  iron  very  eafily  diftinguifh- 
aWe  by  its  brilliant  colour,  its  courfe  grain," 
its  gre&t  brittlenefs,  and  its  refemblance  to  the 
brittle  metals  formerly  called  femi-metals,  is 
in  general  the  word,  and  the  leaft  tenacious 
of  all  the  irons.  It  contains  the  largeft  portion 
of  oxigen,  or  approaches  moft  to  the  ftate  of 
ore  in  oxide.  It  .ufually  contains  much*  phof- 
phoret  of  iron,  and  cannot  be  applied  ex- 
cept for .  cafting  pieces  intended  neither  to 
refifl  prefftire  -nor  blows,  but  for  remaining 
in  qrtt  place;  fuch' as*  the  backs  of  chim- 
4ieys,   >  '.    •    .        . 
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B.  The  grey  crude  iron  which  occupies  the 
middle  fpecies  between  the  white  and  the  black, 
owes  its  colour  to  a  greater  proportion  of  car- 
bon, and  lefs  phofphoret  of  iron.  It  fre- 
quently contains  no  portion  whatever  of  ihi^ 
laft  compound  which  caufes  the  brittlenels  of 
the  preceding  variety,  and  of  the  iron  it  pro- 
duces :  the  texture  of  the  grey  crude  iron  is 
clofe,  with  little  brilliancy,  and  its  grain  very 
fine.  It  is  eafily  filed  and  turned.  This  crude 
iron  i^  in  general  of  the  beft  quality ;  it  breaks 
with  difficulty,  and  poffeffes  tenacity  and  re- 
fiftance;  is  little  difpofed  to  change,  is  fofter 
than  moft  of  the  other  crude  irons,  and  is 
therefore  advantageoufly  ufed  for  cafting  many 
inftruipents  intended  to  refill  weight,  percuflion, 
extenfioii,  or  preffure  fuch  as  wheel- work,  flys, 
ihip-cannon  and  artillery. 

C,  The  black  crude  iron  differs  from  the 
preceding  in  containing  much  more  carbon,  to 
which  it^  owes  its  colour.  Its  blacknefe  arifes 
from  the  employment  of  too  great  a  quantity 
of  coal  in  the  fmelting,  and  the  long  tima 
which  the  ore  has  remained  in  contacl  with  aii 
inflammable  body.  It  would  be  fteel  if  the 
oxigen  it  contains  were  carried  off.  It  is 
therefore,  very  proper  to  be  converted  into  that 
compound.  It  is  very  fufible,  but  capable  of 
breaking  into  fplinters  by  a  blow,  almoft  in 
the  fame  manner  as  glafs,  particularly  when 
it  is  expofed  to  fudden  and  great  variations  of 
temperature.     For  thefe  reafons  it  is  employed 

only 


only  m  ufes  where  the  refiftance  is  littte  or 
none,  in  the  conftruftion  of  pieces  of  little 
value  in  their  application, 

X).  The  fpotted  iron,  fo  called  becaufe  it  ex- 
hibits many  blackifli  parts  in  its  frafture  ^diich 
are  more  or  lefs  extended  upon  the  grey  or 
vhitifh  ground,  is  a  mixture  of  white  or  grey 
crude  iron,  with  the  black  crude  iron  diffemi- 
fiated  irregularly  in  the  mafs.  It  participates 
in  the  properties  of  both  and  is  produced  by 
unequal  fufion  or  too  fudden  cooling. 

The  well  known  nature  of  crude  iron,  in 
general  prefehts  it  as  being  iron  flightly  oxided, 
and  more  or  lefs  carbonated,  and  this  diflference 
between  it  and  iron  eafily  explains  the  proper- 
ties which  characterize  it.  The  prefence  of 
oxigen  fliows  why  it  afforded  Bergman,  in  his 
ingenious  affays,  a  perceptibly  lefs  quantity  of 
Jiidrogen  gas  than  iron  itfelf;  why  it  is  much 
lefs  alterable  by  air  and  by  water ;  why  in  pro- 
portion as  it  is  fubjecled  to  fucceffive  fufions, 
particularly  in  reverberatory  furnaces,  as  is 
praftifed  more  efpecially  for  cafting  pieces  of 
artillery,  large  rollers,  flies,  and  large  utenfils,  in 
general  it  gradually  approaches  to  the  ftate  of 
iron,  and  gives  out  each  time  according  to  the 
duration  of  the  fire  to  which  it  is  expofed,  a 
more  or  lefs  abundant  portion  of  true  carbonate 
of  iron,  well  afcertained ,  by  the  three  philofo* 
phers  before  quoted ;  why  at  fuch  times  as  it  is 
laded  out  by  portions  in  order  to  caft  it  into 
fmall  moulds,  it  leaves  on  the  ladles  which  are 
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ufed  for  tlmt  purpofe,  a  fcaly  brilliant  coating 
of  carbonate  of  iron,  which  is  very  dtilinguiih.'* 
able.  A  coiiftant  obfervation  more  particularly 
confirms  this  feft  refult  It  is  that  wc  fre- 
quently find  in  the  furnaces  .where  the  ores  of 
iron  are  treated  to  obtain  caft  iron^  as  well  as 
in  the  pots  where  it  is  frequently  melted,  pieces 
of  artificial  carbonate  of  iron  even  in  the  ciyf- 
tallized  ftate. 

48*  The  ingenious  art  by  which  crude  itotk  is 
converted  into  proper  iron,  immediately  flows 
from  Avhat  has  been  here  expl^ned.  It  is 
readily  conceived  that  it  niuft  confift  only  in 
the  feparatioa  of  the  oxigen  and  the  carbon^ 
of  which  the  union  with  the  iron  conftitutes 
cjude  or  caft  iron.  To  accomplifli  this  purpofe 
the  caft  iron  intended  to  be  rcfined  is  expofed 
to  an  elevated  temperature.  Tlie  furnace  wfaich 
ierves  for.  this  purpofe  is.  an  iron  forge  fome-' 
wbal hollowed,  upon  which  a  mafs  of  crude  ixon 
is  put  and.  furr:ounded  on  all  fides  by  charcoai 
The  twyer  of  a  pair  of  bellows  throws  a  great 
quantity  of  air  with  mor.^  or  lefs  velocity  upon 
this  combuftible.  As^  the  principal  operation- 
QOfiiifts  in. burning  the  carbon  contained  in  tlie 
Qrud^  iron  at  the  expence  of  oxigen,.  which  is 
at  the. fame  time  united  with.it,  and  to  drive  off 
thefc  bodies  which  muft  thus  engage  in  con> 
bAuaiion*  in  the /or m  of  carbonic  acid  gas;  it  i* 
nec^fiary  to.  fufe  the  mafsj  and  in  fucceflipit:  td 
prefeiit  $l\  its  furfaces  to  tface^torpal  paA  of 
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nd  fteel,  and  the  ores  which  afford  it  are  called 
fteel  ores,  as  I  have  already  obferved, 

5(X  The  iron,  refined  oi  extra6led  from  crude 
iron,,  by  the  means  before  pointed  out,  is  dif* 
tinguiilied  by  manufadurers  and  difie^eiJt  trofk* 
men  who  ufe  it,  into  different  fpecies,  according 
to  the  properties  it  pofTefieS)  and  the  feVeral 
fubfbmces  it  may  ftill  retain  in  combinatioiL 
It  is  firft  diflinguiihed  as  foft  iron  and  bril;tle 
iron^  The  foft  iron  is  very  duflile;  is  eafily 
flattened  and  forged  without  heat ;  is  alfo  very 
eafy  to  be  wrought,  bended  at  pleafure,  and 
fafhioued  into  every  poiTible  form.  That  ki|lA 
of  iron  which,  when  broke^  after  having  beca 
feveral  times  bended  in  the  fame  place^  pre^ 
ients  in  its  fradure  threads,  or  fibres  Very  mani* 
fefl  and  perceptible,  is  called  fibrous:  ironv  be- 
caufe  it  refifls  fradure,  and  fuffers.  itfelf  to'jbc 
drawn  out  or  enlarged  to*  a  gveadm jot  \lo&4t^ 
gree  before  it  breaks;  We  mufl  obfei ^^  ftoir^ 
ever,  thatiroii,  which  is  the  mofl  fibrQu»ni.iti 
texture,  may  be  broken  fhort,  and  by  m  fiigk 
blow,  if  the  flroke  be  very  violent  and  fiaddea; 
whereas  by  Ibriking  the  moft  brittle  if  on;  bgf 
%  number  of  fucceffive  well-managed  bloil^  it 
jnay  be  made  to  prefent  tlie  fibtes  and  nerves  in 
its  texture.*  We  muft  particularly  attehd  to 
examine  the  grain  of  ore  broken  in  the  fafle 
manna*,  in  order  to  obtain  an  e%BBt  teto  of 
comparifda  if  we  wifh  to  acquire  aiij;^  .pHKiift 
notions  rcfpe&ing  their  diffe^tnces^  by  «mere  i^ 
fpcdion.     Brittle  iron  has  a  coarfe  grain  or 
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frafture,  filled  with  brilUartt  fcales  nearly  rfr 
fembling  that  of  the  truly  brittle  metals.  Soft 
iron,  in  its  fudden  frafture,  exhibits  only  a  veiy 
fmall  clofe  gfam;  and  if  it  be  bended  a  little 
before  it  breaks,  or  if  it  be  broken  by  feveral 
fucceffive  blows,  ft  prefents  very  perceptible, 
and  even  curved  fibres  in  its  frtidure. 

51.  Very  rcrmarkablef  diflFereirices  are  alfo  ob- 
fervable  in  two  fpecies  of  iron,  one  of  Avhidh  is 
calted  cold  fhort,  and  the  other  red  fliort.  The 
firft,  in  fome  fpeeimens,  will  break  Avith  the 
flfghteft  effof t,  alrifioft  like  glafs ;  it  Inanifeftljr 
owes  this  property  to  the  phofphotet  of  iroft. 
which  it  contains;  and  we  may  afcertain  this 
fa6t  at  the  fame  time  that  we  determine  the  pro- 
portion by  diffolving  it  in  diluted  fulphuric 
acid.  This  folption,  kept  for  a  certain  time  in 
a  conical  veffel,  becomes  Avhite  and  milky  ;  it 
lets  fall  by  degrees  the  phofphate  of  iron  which 
the  phofphoret  had  formed  by  the  efFeft  of  its 
folution.  The  fecond  of  thefe  iron*  forges  very 
>rell  by  cold  ;  but  by  a  Angular  property  in  pro* 
portion  as  it  is  heated,  it  becomes  brittle  when  dt 
a  red  heat,  and  breaks  with  more  of  lefs  eafe^ 
fometimes  like  glafs,  and  fometinies  by  cracking. 
It  is  generally  thought  at  prefent  that  this  laft 
property  depends  on  an  alloy  of  fome  foreign 
nretals,  fuch  as  manganefe,  afnd  particularly 
arfenic.  That  the  latter,  fbrming  a  Very  fufible 
alloy,  becomes  foft  in  thofe  parts  wher^  ft  is 
dilfeminated  or  lodged  betv'^een  the  ititerftices 
of  the  iron  which  doei  not  undergo  the  fame 
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foftening,  wliehce  the  particles  are  feparated 
from  their  mutual  adherence  being  fingularly 
diminifhed,  and  accordingly  it  l^reaks  upon  re- 
ceiving a  blow,, 

52.  With  regard  to  fteel,  the  third  very  re- 
markable ftate  of  iron,  I  fhall  not  fpeak  of  it  m 
this  place,  becaufe  it  is  a  particular  eombina- 
tion  of  iron  and  carbon^  often  alloyed  vlth 
phofphoriis,  of  which  the  hiftwy  will  be  bcft 
placed  among  the  combinations  of  iron  with 
combuftible  bodies.  Befides  which  we  are  in 
this  place  to  cpnfider  the  chemical  properties  of 
iron  properly  fo  called,  and  fteel  ctonot  be 
treated  but  as  one  of  its  compounds. 

E.  Ooddahility  of  Iron  by  the  Air. 

53.  Every  one  knows  that  iron,  expofed  to 
the  air  is,  of  all  the  metals,  that  which  is  the 

moft  alteredj  is  converted  into  ruft,  breaks  gra- 
dually into  a  yellow  powder,  and  is  thus  intirely 
deftroyed,  even  in  the  largeft  and  thickeft  pieces 
which  wafte  away  to  their  centre,  and  at  laft 
mix  with  the  earth,  the  form  of  which  they  af- 
fume.  This  is  the  reafon  why  the  oxide  of  this 
tnetal  is  fo  frequent  and  fo  abundant  amongfi 
foffils,  and  feems,  ^  by  combining  with  all 
other  bodies,  and  infmuating  itfelf,  as  itwen^ 
amongft  all  the  comppunds,  deftined  to  cover 
and  colour  the  whole  furface  of  the  srlobe. 
Formerly  tliis  effefl;  was  attributed  to  the  fate 
contained  in  the  air,  without  any  (real  knowr 
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ledge  of  the  caiife .  of .  t^is.  gi^at  alteration, 
SiucQ  the  eftabliflinient  of  tlie  pneumatic  doc- 
trine and  the difcoveaies  upon  which  it  is  found- 
ed, this  phenomenon  is  one  of  the  beft  known 
chemical  fads.  It  is  knoM^n  tliat  iron  i;s,  in  the 
order  of  metals,  the  fecond,  and  immediately 
after  manganefe, :  with  refpeft  to  its  combuiUblc 
property,  its  tendency  to  abforb  and  condenfc  in 
theccUd  the  atmofpherical  oxigen.  Of  this  we 
have  a  proof  equally  fnnplc  and  decifive*   When 

I  we  plunge  iron  wires  into  oxigen  gas,  inclofed 
in  a  fmall  belUglaf^  over  mercury,  we  fee  the 
volume  of  tliis  gas  diminifhed  at  the  end  of  fomc 
days,  and  the  iix)n  being  proportionably  rufted, 
apparently  inflated  or  fwelled,  becomes  coverecl 
with  a  powder  or  fine  yellowifli  fcales,  which 
raife  thenxfi^lye?  above  its  furface,  which  adhere 
but  very  little,  to  the  metallic  layel-,  and  which  at 
laft  penetrate  (into  its  interior,  ^  if  the .  quantity 
of  oxigjen  gas  be  fufficient,  ai^d  the.ccaitad 
between  tlie  two  bodies  continued  for  a  fiif- 

[  fiqient  lengt^  .of  timci  A  fniall  quantity,  of 
iratei: .  fingiyaa.iy.  faVoul*s  this  .^6)ioi]^  and  we 
ihail.fee  b€;rf after  ibr  what. ; reafon.  A  ihiall 
qj^antlty  of  caloric  is  fet  free,  and  t4i|e  temper- 
ature tbecomea  fen  fibly  elevated  in  the  interior 
of  the;^pp;^ratus.  The  iron,  wliilft  it  thu3  Jbe- 
copiesL  Ipiofxtapeoixfly.  oxid^ed  in  the, cold,  in- 
cre^esi.in^iweight  in  .the  exad  paroportian  of 
tb^i,W[^h, the, oxigen  ga^  lofes.  The  fame 
jvac^f^r  wb^h  perfdnned  in  welUpurified  azotic 
gas^  |xrfMiijX^cs  ^^^^  funilar*    Thus,  when  we 
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confider  the  a6tion  of  the  entire  air  upoti  ifofl, 
tve  fee  that  it  depends  upon  the  oxigen  gas 
which  it  contains,  and  that  it  confifts  in  a  flow 
combuftion,  the  produfl  of  which  is  the  ruft 
which  reddens  this  metal. 

54.  Formerly  this  fpontaneous  oxidation  of 
iron  in  the  air  was  employed  for  preparing  a 
medicine  which  was  called  aperitive  Saffron  of 
Mars.  Iron  filings  were  expofed  in.nfew  veffds 
of  earth  or  glafs  to  the  dew  of  May.  The 
ideas  which  the  alchemifts  had  conceived  con- 
cerning the  effefts  of  this  dew,  though  chim- 
erical as  to  their  caufe,  were  not  without  foun- 
dation ^with  refpeft  to  their  ref alt.  It  appears 
certain,  that  the  water  precipitated  from  the 
^ir  by  its  refrigeration  during  the  night,  is 
fufficiently  charged  with  oxigen,  to  a6l  with  a 
Very  fenfible  energy  upon  the  bodies  that  are 
expofed  to  it. '  It  was,  therefore,  by  the  dou1)Ie 
a6i;ioii  of  the  atmofpheric  oxigen  and  of  the 
water  that  thii  oxidation  was  effefted.  The 
rron  thus  oxided  gradually  abforbed  the  car- 
bonic acid  of  the  atmofphere,  €md  grew  yelloir 
as  it  became  carbonate ;  and  in  fad,  the  ruft 
of  iron,  like  the  antient  aperitive  faiiron  of 
Mars,  which  is  only  a  kind  of  ruft,  treated  in 
cldfe  veffels,  yields  carbonic  acid  gas,  and 
paffes  into  the  ftate  of  a  black*  powder,  which 
is  only  a  real  oxide,  as  fhall  foon  be  demon- 
Stated.  On  account  of  this  facility  with  whicU 
iron  is  oxided,  fpontaueoufly  and  in  the  cold,? 

by  the  air,  men  have  long  fincc  tndeavoured  to 
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guard  it  againft  ruftnig,and  pref^rve  all  its  pro- 
perties, in  order  to  render  its  ufe  more  advan- 
tageous^ and  its  duration  more  permanent. 
Layers  of  oily  drying  colours  and  varnifli,  an 
application  of  oil  frequently  renewed  and  con- 
ilautly  maintained,  a  coating  of  carburet  of 
iron  rendered  more  or  lefs  adherent  by  preffurc 
and  by  the  mordants^  even  plating  of  metals  that 
are  much  lefs  oxidable  fpontaneoully,  fuch  as 
tin,  and  even  of  thofe  that  are  more  precious^ 
as  (ilver  and  gold,  the  llandard  of  ^yhich  is  then 
reduced  in  order  to  ferve  as  a  prefervative  and 
defence  for  the  iron,  conftitute  the  moft  certain 
and  the  moft  common  means  that  have  been 
put  in  praftice  in  order  to  fulfil  this  intention* 
55.  The  combuftible  property  of  iron  in-* 
creafes  gieatly  Avith  the  temperature.  This 
metal  cannot  be  heated  in  conta6l  with  the  air, 
efpecially  to  rednefs,  even  though  obfcure, 
without  its  burning.  When  this  operation  is 
performed  upo^  large  pieces  or  bars  of  iron, 
they  become  tarniflied  at  their  furface ;  at  firft 
they  become  black ;  this  furface  afterwards 
raifes  itfelf,  increafcs  in  volume,  fwells,'feparates 
from  the  portion  of  not  burned  iron  fituatcd 
under  it  If  wq  let  them  cool  in  this  ftate, 
;guri4  ftrike.them,  there  are  detached  from  th^m 
biackifh  plates,  brittle,  and  eager  like  glafs, 
of  a  very  clofe  and  very  hard  texture  .in  their 
lfl.ft  molecules,  which  are  called  iron-fcalcs 
on  g.ccouut  of  the  procefs  which  is  employed 
fojr  pbt^inijn^  them  ;  it  is  on  this  account  that 
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the  met^Uurgifts,  and  the  work h>en  who  are  well 
^.cquainted  with  this  elfe6i:,  upon  which  depends 
the  very  fpeedy  deftruftion  of  the  thickeft  iyon 
bars  df  the  gratesi  or  the  fupports  in  the  fur- 
naces, generally  believe  that  iron  canfiot  be 
fufe<l  without  burning  it ;  and  this  is  exaftly 
the  cafp  tyheii  it  is  fufed  in  cdwtaft  with  the 
ain     The  iron-fcales,  when  pounded,  aflbrd  a 
black  powder  attractable  by  the  magnet.     Veiy 
iimilar  to  thttfligiji  oxide  or  oxiduje,  if  we  ob* 
ferve  them  with  attention,  we  perceive  that  they 
have  fuffered  a  real  fiifion,  at  Icaft  to  apafty  eofl' 
fiftence;  that  it  is  to  this  fufion  that  they  6^t 
their  fwelling  ot  rifiug ;  that  the  molecules  of 
which  they  are  compofed  have  become  ci^A 
tallized  by  cooling;  that  their  approximation 
renders  them  harder  and  more  brittle  thaii  thofe 
of  the  iron  were,  and  that  if  we  triturate  them 
as  fine  as  poffible,  they  form  a  brilliant  Mack 
powder.     The  ix)rtion  of  iron  thus  'burned  or 
Qxided,  has  augmented  in  weight  from  £5  to 
£7  to  the  hundred   of  the  metal     It'  is  this 
which  is  formed,  in  all  the  operations  in  which 
iron  i§  heated,  in  which  it  is  left  for  a*  longer 
or  fhorter  fpace  of  time  immerfed  redrhofc  in  tk 
atmofphere,  in  which  it  is  ftruck  after  having 
been  heated  to  rednefs  in  order  to  for^e  or  weld 
-  it, — :the  fcales,    the  flag,    the  irregular   frag- 
ments, the  kind  of  fcoria,  which  are  fo  fre- 
quent in   the  worljC-fliops  in  which  this  metal 
is  treated.     They  muft  not,  however,  be  con- 
founded with  the  real  fcoria,  better  fufed,  burned, 
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or  vitrified,  which  are  afforded  in  fmelting, 
and  contain  earths  or  the  afhes  of  pit-coal, 
combined  with  the  pxide  of  iron  by  vitrifica- 
tion. 

56.  Every  one  has  alfo  had  occafion  to  re- 
mark that  thefe  iron-fcales,  Av:hen  heated 
for  a  long  time  in  contaft  with  the  air,  or  ex- 
pofed  feveral  times  in  fucceffion  to  the  fire, 
acquire  a  very  fenfible  brownifli-red  tinge :  this 
is  a  continuation  of^  oxidation,  which  is  much 
lietter  effefiked  when  we  heat  to  ftrong  rednefs 
iron  in  filings,  which,  after  haying  afTumed 
the  black  colour,  pafles  to  the  brown  or  dark 
red.  In  this  ftate^  which  is  obtained  only 
by  continual  agitation  at  the  fame  time,  and 
at  a  high  temperature  kept  up  for  feveral  fuc- 
GCffive  hours,  the  oxide  of  iron  contains  more 
than  0,40  of  oxigen,  and  has  thq  form  of  a 
powder  more  or  lefs  attenuated.  This  brown 
oxide  was  formerly  called  AJiringent  Saffron 
of  Mars.  The  properties  of  this  kind  of  o^cide 
differ  from  thofe  of  the  preceding,  or  the  black 
oxide.  We  may  diftinguilji  in  it  two  portions 
of  oxigen,  as  they  adhere  to  it  with  different 
degrees  of  force.  The  0,25  of  this  principle 
adhere  to  it  much  more  than  the  0,15  to  0,20 
which  are  added  to  it  in  the  ftate  of  brown 
oxide;  we  might  call  the  firft  portion  oxidu- 
lating,  and  the  fecond  oxidating.  This  lafl  may 
eafily  be  taken  away  by  metallic  iron,  which, 
by  iharing  this  oxidating  oxide,  conftitutes 
an  uniform    black    oxide  through  the  whole 
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inafs.  It  was  in  this  manner  that  Citizen 
Vauquelin  found,  that  by  heating  equal  parts 
of  iron-filijigs  and  of  red  oxide,  we  obtain, 
without  any  thing  being  difengaged,  a  total  of 
black  oxide  which  contains  now  only  about 
0,25  of  oxi  gen,  whilft  thercd  oxide  contained 
before  from  0,40  to  0,49.  The  brown  pxide  of 
iron  is  not  reducible  by  the  mcrc  a6Hon  of 
fire,  and  does  not  fuffcr  its  oxigen  to  be  fepa^ 
ji'ated  from  it  by  caloric  alone^ 

57.  All  the  phenomena  of  the  oxidation  of 
iron  already  indicated  belong  only  to  its  flow 
combuftion ;  there  are,  however,  a  great  number 
of  ci  re  urn  fiances  in  which  this  metal  bums  with, 
a  rapidity  and  energy  which  reprefent  a  real 
deflagration,  an  inflammation  moj-e  or  lefe  vio" 
lent.  When,  for  example,  we  throw  iron  fil- 
ings into  a  briflv  fire,  they  burn  with  a  very 
fisnfible  emiflion  of  fparks  and  decrepitation. 
The  fame  clrcumftance  takps  place  when  we 
caufe  them  to  fall  upon  the  fljime  of  a  taper, 
of  when  we  projefl;  very  fine  filings  through  it. 
When  we  examine  the  furnaces  in  which  thefe 
ores  are  melted,  the  forges  in  which  the  melted 
metal  is  refined,  the  bluft^furnaccs  in  which  the 
caft  metal  is  fufed  over  again  by  mpans  of  rever- 
beratories,  and  in  which  it  is  poured  into,  vaft 
moulds,  the  work  fliop^  in  which  the  iron  is 
heated  in  order  to  be  forged,  by  ftriking  it  with 
reiterated  ftrokes :  we  every  where  fee  this 
metal  burn  with  a  lively  flame,  and  with  very 
brilliant  fparks  thrown  out  to  a  great  diftance 
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like  artificial  fire-works*  When  we  caufe  the 
ele^rio  Ihock  to  pafs  through  wires  of  this 
metal,  even  pretty  thick  ones,  by  means  of 
a. powerful  battery,  we  fee,  as  was  firft  inr 
di  Gated  by  tlie  Dutch  profeffor  Van  Marum, 
that  the  wires.inflame  with  noife,  lofe  their  tex*- 
tore  and  folfdity,  become  pulverized  with  an 
explofion,  and  are  diflipated  into  the  air  in  a 
jCnoke  which  condenfes  into  a  powder  of  a 
blackiih-brown  colour*  Fmally,  the  fimpte  art 
of  ilriking  fire  with  the  fteel,  fo  ingehioufly  con- 
trived for  procuring  fire,  is  founded  only  upon 
the  property  which  this  metal  has  even  in  the  ftats 
of  iteel,  of  kindling  and  inflaming  in  the  air ; 
and  the  fparks  that  are  obtained,  are  only  parti- 
cles of  iron  detached  from  the  fteel  by  the  hard 
itone,  fubjeded  to  fuch  violent  compreflion  and 
perculTion,  that  they  are  immediately  heated 
to  redneis,  and  inflamed  by  the  aid  of  the 
atmoipheric  oxigen  gas  :  accordingly,  when 
we  collefl;  the  produft  of  thefe  fparks  upon 
white  papen  we  obtain  a  black  powder,  each 
grain  of  which,  when  greatly  magnified  by 
means  of  a  lens,  exhiWts  a  fmall  round  and 
hollow  bullet  of  very  brittle  black  oxide  of  iron, 
though  ftill  capable  of  being  attrafted  by  tha 
magnet    .        ' 

5S.  The  energy  and  rapidity'  of  this  ardent 
combuftion  is  ftill  greatly  augmented,  when  we 
plunge  a  red-hot  iron-wire  into  a  glafs  filled 
with  oxigen  gas,  as  was  firft  obferved  by 
Ipgenhoufz.     His  experiment  has  been  varied 

and 


a»lj  Enlarged  in  frnti  ^  manner,  that  it  i^  now 
made  Qne  of  thqfe  t}mt  prefent  the  moft  beau- 
tiful fpefSlai^le  that  can  be  feen.  A  botUe 
of.  white  glafs, :  having  a  bottom  of  copper, 
cemented  in,  aifmaU  quantity  of  nv^ter  has  been 
left 'Upon  its.  bottoiflc.  to  a  ftopper  of  cork, 
covdped  at  it3  lower  fide  with  a  plajte  of  tixi» 
to  prevent  its  tak'uig  fire,  is  attached  an  iron 
harpfiohord  wire^  jor  a  fine  peiidulum<-fpring, 
at  the  extremity  t)f  which  a ,  little  lighted 
pith  is  fixed;  the  ftoppier  is  then  introduced 
again  iito  the  neek  of  the  bottle:  the  pith, 
being  plunged  in  the.oxigen  gas^  burns  brifkly, 
and  heats  the  extremity  of  the  wire  or  fpring 
to  rednefs ;  and  the  latter,  as  fqon  as  it  is  heated 
to  complete  reduef^  fufes  and  burns  with  very 
brilliant  and  very  numerous  flafiies  and  fparks. 
JUtch  of  thefe,  as  well  as  the  fufed  and  incan* 
d«fcent  ]:>6rtion  of  iron,  which  falls  down  drop 
by  drqp  firdm  the  extremity  of  the  vntCy  is  a 
fmall  hollow  fphere  of  fufed  black  oxide  of  iron. 
Frequently,/ if  the.  oxigen  gas  be  fufficiently 
pure  and  in  confiderahle  abundance,  the  whole 
df.the  iron  burns  with  this  brilliant  luftre,  to 
the  laft  molecule  that  is  imimerfed'  in  it.  Lavoi- 
fierhas  afccrtained  that  it  is  augmented  about 
0,27  in  100.  The  fame  combuftion  of  iron  may 
be  effefted'bji  blowing  through  a  tube,  oxigen 
gas. upon  iron  fufed  before  the  hlow-pipe  in 
a  > crucible,  of  charcoal.-  An  analogous  phe- 
nomenon is  produced  without .  having  recourfe 
t3p  the.  aftion  of  oxigen.  gas,  either  by  placing 
L../.  in 
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in  the  flamfeof  a  taper  thcfe^xtrcTnelyi&ie  iron 
wires,  which 'form  the  bafes  of  the  rfiiValleft 
branches  of  the  feeletons  which  wometi  ufe»for 
their  caps,  or  by^expoiing  iron  to  the  focus 
of  -burning  glaffes  which  coUeft  the  folar  rays ; 
laftly,  we  fliaU  fee  hereafter  that  many  bodies 
which  coift^iii  a  large  quantity  of  oxigen,  and 
trhich  fuffer  it  to  feparate  -quickly,  have  the 
fatnc'  property  df  inflaming  iron,  and  caufing 
it  to 'bum  with  iioife  and  fpark&  It  is  there- 
fore evident  thbt  thiis  metdl  is  in  the  fame  pre- 
flilJatticht  with  taiany  combuftible  bodies,  which 
have  two  niodes  of  burning,'the'one  flow  and 
the  other  rbtpidV 
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5:9i '  H<!)  N  is  otie  of  the  fubftatices  that  com^ 
birie  the  ^eft  With  differetiKcombuftible  bodies, 
ahd  'which  furiiiflies '  hi  its  combiAaticws  the 
greateflf  number  of  ufeful  compounds;  ^  Hdw- 
ever  we  know  no  immediate  union  of-it  Av'ith 
azote'  and  'hidrbgen;  /though  it  appeals  that 
in  certain  circumftances  hidrOgengafe  <:;an  dif- 
folve  and  carry  away  with  it  a  fmall  quantity 
of  iron  with' carbon.  It  is  known  that  hidro-* 
gen  even  in  the  ftate  of  gas  is  Capable  ^f  tak- 
ing from  its  red  oxide,  ^ife  portion  of  oxigen 
which  is  contained  iii  it  bdyond  what  is  ne- 
ceffary'fbr  its  black  oxidation,  and  that  it  is 
in  this  manner  that  the  contaft  of  this  gas 
wheninade  hot,  efpecially  with  the  red  oxide  of 
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iron,  caufes  it  foon  to  return  to  the  ftate  of 
black  oxide,  ^without  being  ever  able  to  take 
frain  it  the  portion  of  oxigen  which  is  united 
with  it  in  the  latter  Hate,  and  which  adheres 
very  ftrongly  tq  thq  iron  as  .1  have  already 
Ihown. 

60.  Carbon,  combines  eafUy  with  iron,  when 
the   latter  is  fufed    or  only,  on  tUe  point  of 
being  fufed,    in   contaj6l  with,  highly-divided 
charcoal,     Wlien  the  ;;Gbaj:coal  itfelf  abforbs  a 
little  iron,  and  only  at  tenth  of  its  weight,  it 
becomes  lefs  combuftibtle  than  il;  was  before; 
it  lofes  the  metaljiij  bnllianpy ;  in ;  a  word^  it 
is  carburet  of  iron,  which  is  prepared  artifici-" 
ally  in  a  multitude  of  circumftances,  either  by 
ftrongly  heating  chj^rcoal  already  frjrMginou* 
jn   clofe.  yeflbls,    or  by  decpmpofing   with  a 
firong  fir^  organic  matters,   whiqli  coptaij^  a 
Jittle  iron,  ani\  which,  when  reduced   to  the 
carbopous  ftate,  frequently  exhibit  in  their  rcr 
fidi^ufn  the  character  qf  carburet  of  iron ;  or, 
ivhich  i^    t]ie   nioft   frequent    procefs    of  its; 
artificial .  fabricatfion, .  by   fufing    the   iron   in 
the    mid  ft    of  a  lieap   of   chavcoal,    part    of 
which  q^fTumps  this  charader,  or  by  fufing  caft-^ 
iron  over  again   feveral   times  ^n   fi|cceflion, 
from  which  there  is  really  feparated.each  time 
a.  certain   quantity  of   this  compoupd  ;,.  or  by 
ftrongly  heatjug  upor^  iron,  oils,  or  fats,  yhich 
being  reduced  Xo  coal  at  its  furface,  form  upon 
it  .an   adhefiye   layer  of   ferruginous   carbon, 
capable  of  defending  it  againft  its  qwp  oxi-j 
dation, 

6|.  There 


"  6l»  There  is  a  fecond  kind  of  combination 
between  irott  and  charcoal  of  ftill  niuch  greater 
importance  than  that  of  theJ  cart)urbt  of  iton, 
by  ffis '  properties  and  numerous  ufes.  It;  is 
oppofitc  to  the  preceding  in  its  proportions,  'it 
is' not  a  compound  of  much  carbon  and  little 
iron,  but  on^the  contrary  a  compound  of  much 
iron  and  little  carbbn.  It  is  known  by  the 
name  of  fteel-  chalyhs.  The  theory  of  its  fa* 
brication,  whicli  has  '  long  occupied  the  trhe- 
mift^,  <!oncerning  which  they  have  had  very 
different  opinions,  according- to  the  different 
degrees  of  the  advancement  of  the  fcience,  from 
the  firA  notions  given  by  Ariftotlc  and  Pliny, 
dbx^Ti  to  Reaumur,  m4io,  in  his  monograpHic 
work  upon  this  compofition,  approached  the 
neareft  to  the  truth,  has  at  laft  been  placed 
out  of  doubt  according  to  the  experiments 
of  B^tgraan,  of  Reaumur,  of  Citizen  Guy  ton, 
confirmed,  ftiKlita  and  compared  by  thofe  of 
Citizens  Vahderm6hde,  Mortge  and' Bert  hoi  fet. 
From  all  thefe  rcfearches,  compared  with  each 
other,  it  refuks,  thatVhen  oxigen  is  rapidly 
taken  away  frmncaft'iVon,  without  the  carbori 
being  taken  away  from  it  at  the  famd  -titiie,  *or 
when  that  is  reftoredto  itwhich  efcapes  frbni 
its  interior,  with  this  oxigen  in  the  form  of  car^ 
bonic  acid,  ftedis  obtained,  and  this  i.V  what  i$  * 
termed  natural Jl eel ;  fhiit  in  alt  clrc^umftaiTPC^'l 
^li&e  pure  or  foft  iron  *is'htat6d^for^4ht)re  b!p 
lefs  confiderable  time,  and  to  a  fufficient']Jcr 
jree  to  TOiten  it  well,  whilft  at  the  fame  time 
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itisimmerfed  mJiiglily  4ivi4ed:  charcoal,  the 
latter  penetrates,  into  its  itrte^Qri  combineft 
layer  ^^y.  layei;  witJji*  it,  ai>d  caufcs  it  to.paft 
into^the  ilate  of  ileel^^oth  without  ^d  vfithmi 
this  is  cabled Jieel  of  cementation ffaSti^oi/^Jieel 
It  is  generally  fabricated  in  th^,  following  awin* 
ner.  Bars  of  iron  are  placed  Jn  a.  crucible, 
furrounded  on  all  fides  with  pulverized  chfu:* 
coal,  without  touching  each  other  or  the  fides 
of  the  crucible ;  this  veffel  is  trover^  and 
luted  well;  it  is  heated  in  a  good,  furnace  to 
incandefcence,  during  feven  or  eight  hours* 
When  the  whole  is  well  cooled,  the  charcoal 
is  found  in  the  fame  iiatei  as  it  \vas  put  in ;  the 
bars  preferve  their  form  and  fituation ;  they 
omly  have  a  few  blifters,  which  indicate  the 
foftening  of  their  furface  and  the  difeng^e* 
menjt  of  gas.  .  B^t  tlieir  interior  part,  cx- 
pofed  by  the  afi:ion  of  the  file,  exhibits  arery 
different  flate  from  that  in  which  it  was^  before. 
Its  grain  is  coarfer,,  and  more  brilliant  than,  be^* 
fore;  it  is  eager  and  brittle ;  jit  requires  to  be 
heated  and  forged  in  ordejr  to  recover  its 
dudlility,  and  is -then  more  malleable  than  it  was 
before.  If  it.be  plijinged  into  cold  water  after 
having  been  heated  iitorednefs,  it  af&imes^a 
hardnefs  which  iron  never  acquires  by  the 
fame  procefe ;  if  we  toijich  it  with  nitric  acid^ 
it  prefents  a  black  ^pot  at  the  place  that  has 
been  touched ;  in  ^:  iword^  it  is  converted  ^o 
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62.  Thefearethe  principal  properties  ,\v;hich 
diftinguiili  fteel  from  iron.     Befides  thoiJi  whiaU 
I  have  juft.  ifidipated  in  a  general  m^nner^  a% 
aflumes  a  jnpre  lively  poliih  and  s^  .whiter  colour 
than  the  latter ;  it  is  a  little  heavier ;  it  is  more 
du^ile  when,  it  has  been  forged ;  it  acquires  by 
tcmperiAg  a  very  great  degree  of  hardnefs  and 
elai^icity,  as  well  ^  the  fonorous  quality  which 
is  exemplified  in  the  i^ftrument  called  the  .trian- 
gle ;  it  is  lefs  attratSlable  by  the  magnet,  it  re^ 
ceives  more  flowly,  but  prefei-ves  better  tjiaii 
iron,   the  magnetic  prpperty ;    percuffion  and 
friction  communicate  it  to  it  in  a*  higher  degree;^ 
it  is  not  fo  quickly  oxided  hi  the  air ;  this  pro-* 
perty,  indeed,  like  feveral  others,  it  poffcffes  iu 
common  with  caft  iron.     When  we  lieat  it  in 
contaft  with  the  air,  ^yith  the  ipere  annealing 
heat^  it  becomes  more  fenfibly  coloured  -than 
iron  does,  and  paifes  fucceffively  through  con- 
flant  gradations  of  colour,  by  means  of  which 
we  judge  of,  and  even  determine  the  fpecies  of 
the  different  annealings  that  are  givep  it  in  the 
arts.     Whilft  at  the  fame  time  it  loles  the  hard- 
nefs  which  the  tempering  had  commuiucated 
to  it,  it  paffes  upon  the   polifl>e4'  furfaces,  ta 
the  white,  the  yellow,-  the  of^flge,tb^pui;pJe,» 
the  blue  colour ;  and  this  lafi  coiouj  at  length 
dxfappears  tO;  give  place  tso  the  'coio^r  <rf  wan 
ter,  when  the  ftrongrft  anjneaUng  i$  giv^ti  tp  it^ 
When  ileel  is  bumqd,,  it  ei^hules  aiinaHibla<^ 
flame>  and  frequently  a  fmell  of  garlic :  ac- 
corditkg^y  we  always  fend  by.  auftlj^s.  a .  fo^ail 
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portion  of  phofphorus  to  be  contained  in  it, 
as  refults  from  the  laft  experiments  made  by 
Citizen  Vauquelin  upon  the  different  kinds  of 
fteel  compared  with  each  othen     Rtnman  has 
found  it  to  be  nearly  twice  as  dilatable  as  irori 
by  heat ;  caft  iron  fefeftibles  it  in  this  property ; 
it  is  lefs  fufible  than  caft  iron  and  inofe  fufible 
than  iron.     It  maybe  fufed  and  its'duftrfity 
preferved;   but  this    cal!    fteel   is  afterwards 
rery  eafy  to  be  burned  by  fire,  arid  cannot  be 
trelded  by  the  fire  without  fome  other  inter-* 
mediate  kind  of  fteel.     It  burns  with  red  (parks 
and'  not  (b  brifkly  as  iron.     It  affords  more  hi^ 
drogen  gas  by  the  aft  ion  of  the  fulphuric  and   , 
tnuriatic  acids  than  caft  iron,  and  lefs   than 
foft  iron;     and  this  hid rogeit  gasr  is  always 
carbonated.     In  all  its  folution  there  remains 
a  black  powder  which  is  carburet  of  iron,  more 
abundant  in  caft  fteel  than  in  that  of  cemen-^ 
tatioil,  and   varying  fingularly  in   its  propor- 
tions, according  to  the  different  kinds  of  fteel 
that  are  diffolved.     It  is  to  the  feparatlon  of  thfs 
Carburet  of  iron  that  the  black  fpot  forpierf 
upon  fteel  by  the  nitric  acid  is  to  be  attributed, 
a   fpot  which  forms    a  very  good  diftinftite 
character  for  knowing  fteel  from  iron.     By  its 
detonation  with  nitre,  and  the  fuper-oxigenated 
iriuriate  of  pot-afh,  fteel  gives   redder  fparkft 
than  iron    filings ;    it  affords   carbonic  aci<i 
which  may  be  collected  in  the  form   of  gas, 
and  by  the  quantity  of  which  we  inay  fcno^ 
the  proportion  of  carbo^  which  it  contains. 
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63;  The  analyfis  of  fteel,  made  by  Berg^ 
nan,  Rinman,  Guytoii,  BerthoUet  and  Vau- 
[uelin,  befides  affording  to  the  fcience  the 
general  refults  which  I  have  juft  fct  forth,  has 
Jfo  proved  that  it  requires  only  fome  thou- 
andths  of  carbon  in  order  to  convert  iron  into 
teal ;  that  we  do  not  yet  know  the  viinium  of 
arbon  neceffary  for  effefting  this  converfion ; 
hat  the  TW^^rmww which  it  eafily  acquires  when 
t  is  top  much  cemented,  approaches  in  fome 
fieafure  to  the  ftate  of  black  crude  iron  ;  that 
he  phofphorus  contained  in  it  is  pretty  con- 
tantly  in  the  proportion  of  twice  that  of  the 
arbon;  that  we  alfo  eonftantly  find  in  it 
ilex  and  manganefe;  but  that  the  influence 
^hich  thofe  bodies  produce  upon  it  is  not  yet 
Lnown,  though  it  be  probable  that  they  are 
lot  efiential  to  tlie  formation,  and  the  na- 
:ure  of  fteel.  Citizen  Vauquelin  lias  made, 
relative  to  this  analyfis  of  fteel,  very  judicious 
reflexions  upon  the  circumftance  that  this  com- 
pound is  never  in  a  conftant  proportion  of 
conipofition,  and  upon  the  impoflibility  of  de- 
termining this  proportion  in  an  abfolute  man- 
ner. For  the  reft,  it  is  eafy  to  conceive  that 
^  it  require*^  fo  fmall  a  proportion  of  carbon 
Jilted  with  the  iron  in  order  to  conilitute  it 
^el,  the  fmallcft  variation  in  this  proportion 
^Uft  give  rife  to  fome  variations  in  the  proper- 
^s  of  the  flecl :  fo  that  this  may  be  extremely 
iflfcrent^  as  it  actually  is  in  the  arts  in  which 
'    is  employed  v>'ith  a  multitude  of  modifica- 
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tions  which  render  it  mote  or  lefs  valuabte  or 
ufeful.  Tempering,  whilft  it  hardens  it,  mo- 
difies it  alfo  in  many  ways,  and  renders  it  ca- 
pable of  being  appHed  to  a  number  of  ufe^  really 
different,  as  we  may  convince  ourfelves  by  fur- 
veying  the  different  branches  of  art  in  which 
it  is  employed,  and  the  multiplicity  of  pro- 
cefTes  which  are  'followed  for  preparing  the 
Heels  which  are  ufed  in  them.  If  we  com- 
pare  the  diverfities  of  flate,  of  colour,  of  grain, 
of  hardnefs,  of  tenacity,  of  du6lility,  or  of  brit- 
tlenefs,  which  fleel  acquires,  with  thofe  pof- 
felTed  by  call  and  forged  iron,  treated  dif- 
ferently, we  fliall  underftand  ftill  better  than 
it  has  hitherto  been  poifible  to  dp,,  the  remark- 
able property  which  fo  eminently  diflinguifhes 
this  metal  from  all  others  ;  namely,  its  variety 
of  ftates,  which  form  as  it  were  a  feries  of  me- 
tallic fubftances,  more  different  from  each  other 
than  fome  real  fpecies  of  metals  are,  which,  how- 
ever, are  univerfally  acknowledged  to  be  actually 
different  from  one  another. 

64.  Notwithftanding  the  multiplicity  of 
vai;ieties  which  the  necelTities  and  the  delicacies 
of  the  procefTes  of  the  arts  oblige  us  to  admit 
in  fteel,  we,  however,  diftinguifh  only  three 
principal  varieties,  which,  indeed,  compre- 
hend all  the  poilible  diflinftions,  namely, 

a.  The  Jieel  of  caji  iron,  or  natural  Jieel 
is  obtained  immediately  from  call  iron ;  it  is 
always  unequal,  fubject  to  have  cracks  and 
flaws,  lefs  hard  and  lefs  brittle  than  the  two 
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others ;  it  welds  better  in  forging :  is  of  an 
inferior  price,  as  its  preparation  is  left  expenfive. 
it  is  ufed  for  making  agricultural  inftruments, 
fprings,  and  dommdn  artillery :  it  is  that  fteel 
which  approaches  the  neareft  to  the  ftate  of  iron. 

b.  Steel  of  cementation^  fdBitious  or  artificial 
Jieel.  It  prefents  a  more  equal  grain  in  its 
fra^re,  affumes  a  mpfe  beautiful  polifh  than 
fh6  preceding ;  is  more  hard  and  more  brittle ; 
Requires  to  be  forged  with  more  precaution  :  it 
is  more  perfeift  than  the  former,  and  is  em- 
ployed for  all  the  purpofes  in  which  the  pro- 
perties which  I  have  juft  indicated  are  moft 
ueceflaty. 

,'  c.  Caft  Jieel.  This  is  obtained  by  the  fuiion 
of  either  of  the  two  preceding.  It  never 
has  the  inflations  which  are  found  in  thofe; 
and  is,  therefore,  fufceptible  of  receiving  the 
JSneft  polifh.  It  is  adapted  for  the  fabrication 
of  razorS)  of  lancets,  of  wire-drawing  machines, 
of  flatting  engines,  and  of  jewellery^  It  is 
with  this  fteel  that  all  thofe  brilliant  toys 
are  made  which  exhibit  fo  much  luftre,  and 
give  fuch  a  value  to  the  workmanlhip.  This 
kind  of  fteel  is  the  moft  coftly  of  the  three :  the 
Engliih  have  hitherto  been  almoft  exclufively 
in  poffeffion  of  the  method  of  preparing  it. 

65.  Some  of  the  fafts  announced  in  the  pre- 
ceding details  have  fliown,  that  phofphorus 
is  fufceptible  of  combining  with  iron.  Pelletier 
has  obtained  this  combination  by  feveral  means. 
3y  fuiing  equal  parts  of  iron  in  clippings  and 
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vitreous  phofphoric  acid  with  a  fixth  part  of  (he 
weight  of  the  latter  of  pulverized  charcoal,  he 
obtained    a  very     brittle  phofphuret  of  iron, 
white  in  its  frafture,  of  a  ftriated  and  granu- 
lated texture,  attraftabie  by  the  magnet;   cryf- 
tallized  in  fome  points  in  rhomboidal  prifms: 
this   is  the  Siderite    of  Bergman,    who  con- 
fidered  it  as  a  particular  metal.     This  phof- 
phorus  was  fufed  under  the  muffle  ;  it  left  upon 
the  cupel  an  oxide  of  iron,  which  had  in  part 
penetrated  the  veffel :  it  contained  0,20  of  phof- 
phorus.    Pelletier  obtained  the  fame  compound, 
by  heating,  without  charcoal,  equal  parts  of  iron 
filings  and  glafs  of  phofphoric  acid.     The  iron 
then  decompofes  part  of  the  phofphoric  acid, 
and  converts  it  into  phofphorus,  which  unites 
with  the  not  oxided  portion  of  iron,  and  affords 
a  phofphate  of  iron  in  a  black  glafs.    According 
to  him,  we  may  like  wife  form  phofphuret  of 
iron  by  throwing  phofphorus  in  fmall  pieces 
upon  iron  filings  heated  to  rednefs  in  a  cruci- 
ble:  the  iron  immediately  enters  into  fufion 
and  abforbs  the  phofphorus  with  which  it  com- 
bines.    A  fmall  quantity  of  iron  is  oxided  by 
the  water  which  moiftens  the  phofphorus,  and 
of  which  it  is  impoffible  entirely  to  deprive  it; 
and  this  oxide,  united  with  a  little  phofphoric 
acid,  forms  a  black    glafs  which   covers  the 
phofphorated  metal,  and  which,  as  a  very  a6live 
tlux,    attacks  the  crucible,  penetrates  it,  and- 
filtrates  through  its  fides.    We  fliall  fee  hereafteV 
that  the  phofphuret  of  iron  may  be  procureii 

eafily 


iron/  229 

rafily  and  at  a  fmall  expence,  by  decompofing 
)hofphate  of  iron  by  means  of  charcoal.  It  is 
n  this  manner  that  the  bog  ores  of  iron, 
•vhich  fo  frequently  contain  native  phofphate 
)f  iron  among{tthe  very  abundant  oxide  of  this 
netal  which  conftitutes  their  bafe,  yield,  after 
;he  refining  of  their  fufed  metal,  an  iron,  brittle 
in  the  cold,  and  which  owes  this  bad  quality, 
To  dangerous  for  the  arts,  to  a  phofphuret  of 
iron  which  is  united  with  it,  which  Bergman 
bad  miftaken,  and  confidered  as  a  particular 
metal,  nnder  the  name  of  Siderite,  and  which 
in  the  folution  of  this  brittle  iron  by  the  ful- 
phuric  acid,  yields  fpontaneoufly,  when  di- 
luted with  water,  a  white  precipitate  of  ph6f- 
phate  of  iron. 

66.  The  combination  of  iron  with  fulphur  is 
made  in  feveral  different  ways.     In  the  cold, 
and  dry,  thefe  two  bodies  do  not  unite  inti- 
mately, though  they  are  not  abfolutely  without 
a£iion  upon  one  another  ;  but  when  we  add 
water,  this  union  is  eafily  effefted.     A  pafte  is 
made  with  equal  parts  of  pulverized  fulphur 
and  fine  iron  filings,  which  are  mixed  well  by 
trituration,  with  a  fufficient  quantity  of  water : 
this  pafte,  expofed  to  the  air,    foon  becomes 
heated,  f wells,   cracks,  exhales  vapours  which 
affume  th^  fmell  of  fulphiirated  hidrogen  gas, 
and   which   frequently  take  fire  fpontaneoufly. 
Though  the  air  contributes  to  this  action,  as 
Prieftley  has  found  that  it  was  altered  by  this 
jnixture;  and  that  it  loft  a  portion  of  its  oxigen, 
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the  water  is  really  deconipofed ;  it  is  this  which 
furniihes  the  largeft  quantity  of  this  principle 
to  the  iron  :  the  metal  is  oxided ;  the  fulphur 
is  at  the  fame  time  burned  and  converted  iikto 
fulphuric  acid,  and  the  hidrogen  is  difengaged  in 
the  form  of  gas,  carrying  along  with  it  a  fmall 
proportion  of  ftilphur.  If  the  mixture  docs 
not  become  heated  to  a  fufficient  degree  to 
inflame,  it  ftops  at  the  ftate  of  fulphuret  of  iron, 
or  even  in  greater  part  of  hidro-fulphurate4 
oxide  of  iron,  from  which  the  acids  will  difen- 
gage  with  effer^vefcence  a  large  quantity  of  ful-r 
phurated  hidrogen  gas :  it  is  even  the  m^ps 
which  feveral  modern  chemifts  have  propofed 
for  obtaining  this  gas  in  abundance,  If  thci  - 
temperature  be  raifed  much  higher  in  this  mixf 
ture,  if  nmch  fulphurated  hidrogen  gas  is  dit 
engaged  from  it,  inflammation  i§more  efpecially 
produced ;  the  refiduum  is  red,  and  refemble^ 
calcined  fulphate  of  iron.  By  lixiviating  it  in 
water,  we  obtain  from  it  a  fmall  quantity  of 
fuper-axigenated  fulphate  of  iix>n,  of  which  we 
fliall  fpeak  hereafter.  It  is  therefore  evident, 
that  the  fimple  mixture  of  fulphur  and  iron 
moiftened,  burns  fpontaheoufly,  and  tends  to 
become  fulphatized,  like  the  natural  fulphate 
of  iron,  which  experiences,  as  I  have  aleady 
obfervcd,  a  fimilar  alteration,  which  was  for- 
merly termed  efflorefcence  or  "oitriolization  of 
pyrites.  The  heat,  the  fwelling,  -the  inflamma- 
ble vapours,  and  the  inflammation  itfelf,  which 
are  excited  in  this  mixture,  induced  Lemery^ 

the 


IRON.  231 

the  father,  to  think  that  it  was  the  caufe  of  the 
combuftion  of  volcanos.  He  even  afferted, 
that  he  had  imitated  a  fmall  volcano,  by  bury- 
ing in  the  earth  a  veffel  containing  fulphur  and 
wet  iron  filings,  which  he  covered  with  earth. 
The  ground,  according  to  him,  heaved,  cracked? 
vapours  were  exhaled  ;  the  fiffures  became  co- 
veered  with  a  brown  or  reddifh  powder  of  fub- 
limed  fulphur;  fometimes  even  the  reciprocal 
ja^ou  of  the  fubftances  went  as  far  as^he  in- 
4am0]iation  of  the  mixture.  This  experiment 
has  long-  borne  the  name  of  the  Artificial 
Volcano  xjf.Lemery;  but  Bucquet,  who  re- 
peated it  with  care,  did  not  obtain  "the  fame 
refult,  though  there  is  no  reafon  why  it  fliould 
not  be  confidered  as  jperfe6lly  confonant  to  all 
the  well-^known  phenomena. 

67'  Iron  is  united  with  fulphur  by  feveral 
other  proceffes.  When  equal  parts  of  thefe  two 
fubilances,  well  mixed  together,  and  in  the 
ftate  of  powder,  are  heated  in  a  crucible,  they 
ai-e  very  cafily  fufed,  in  comparifon  with  the 
infufibility  of  iron ;  we  obtain  a  fulphuret  of 
iron  in  grains  or  in  fibres,  of  a  deep  grey 
colour,  very  hard,  brittle,  highly  fcintillating 
with  the  fteel,  which  is  altered  but  very  flowly 
by  the  contact  of  the  air  and  water,  in  its  fl:ate 
of  aggregation,  but  which  becomes  heated, 
burned,  and  reduced  into  redfulphate  of  iron  by 
the  fame  contaft,  when  it  has  been  previoufly 
pulverized.  •  A  compound  nearly  fimilar  to  the 
former  is  produced  by  paffing  a  fmall  rod  of 
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iron  heated  to  incand^fcense  through  a  piece  or 
a  tube  of  fiilphur.  The  part  of  this  rod  which 
touches  the  fulphur  is  immediately  fufedjCom" 
bines  with  this  combuftible  body,  and  being 
received  in  fmall  bliieifh  drops  into  water,  thefe 
drops  become  fixed  into  hard  tears,  grey  ia 
their  fradure,  being  real  fulphurct  of  iron  ana- 
logous to  the  preceding.  It  is  evident  from 
thefe  fafts,  that  when  bars  of  iron-  are  cemented 
into  ftone,  as  has  been  propofed,  by  the  aid 
of  melted  fulphur,  they  form  with  it  a  brittle 
fulphuret,  which  ought  to  warn  iis  not  to  ex- 
pofe  thefe  bars  afterwards  to  fupport  confiderablc 
weights,  left  they  might  break  at  the  place  of 
cementing.  The  fulphuret  of  iron  prepared  in  this 
manner,  does  not  exadlly  refemble  the  natural 
fulphuret;  it  does  not  poifefs  its  yellow  colour, 
and  efpecially  its  golden  luftre  and  brilliancy. 
It  is  probable  that  this  is  OM'ing  either  to 
tlie  alumine  or  other  matters  which  are  combi- 
ned with  the  fulphur  and  the  iron  in  the  pyrites^ 
or  to  the  mode  itfelf  of  their  compoiition, 
which  nature  feems  to  form  by  means  of  water, 
whilft  art  effects  it  only  by  fire.  The  "tryllal- 
lizatidn  of  this  artificial  fulphuret  of  iron  is 
likewife  different  from  that  of  the  natural. 
The  oxides  of  iron  do  not  combine  with  fulphur 
but  M  ith  difficulty.  At  an  intenfe  heat,  the 
oxide  lofing  a  portion  of  its  oxigeu,  unites 
with  the  fulphur,  and  fonns  a  fulphurated  com- 
pound of  a.dceper  'colour  than  the  fulphuret  of 
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iron,  and  which  is  always  covered  with  a^  black 
powder. 

68.  The  alkaline  fulphurets  diffolve  iron  but 
very  little,  they  diflblve  the  oxides  of  this  me- 
Jtai  better,  which  they  caufe  to  return  to  the 
black  ftate,  and  give  them  a  very  intenfe  green 
colour :  it  appears  that  this  colour  of  the  folu- 
tions  of  the  ferruginous  alkaline  fulphurets  is 
owing  in  a  great  meafure  to  the  combination  of 
the  fulphurated  hidrogen  with  iron;  for  the  acids 
which  difengage  or  decompofe  this  mixed  com- 
][>ufiible,  which  is  fo  fugacious  and  fo  alterable, 
caufe  it  quickly  to  difappear,  and  whiten  thefe 
folutions  in  however  fmall  quantity  they  arc 
added.     The  fulphurated  hidrogen  gas  does  not 
unite  with  iron,  but  it  acts  with  great  promp- 
titude upon  its  oxides. V    At  the  inftant  that  red 
oxide  of  iron  is  thrown  into  water  which  con- 
tains this  gas  in  folution,  the  colour  of  the 
oxide  is  changed,  it  pafTcs  to  a  more  or  lefs 
deep  black,  and  the  water  lofes  its  fetid  fmell, 
if  a  fufficient  quantity  of  this  burned  metal  has 
been  put  into  it     The  black  ppwder,  colle6led 
and  dried,  emits  a  blue  flame,  and  exhales  the 
fmell  of  fulphureous  acid,  when  it  is  thrown 
upon  ignited  coals :  when  treated  by  muriatic 
acid,  it  effef  vefces  and  gives  fulphurated  hidro- 
gen gas  :  thus  it  is  an  hidro-fulphurated  oxide  of 
iron,  which  is  formed  by  the  union  of  the  oxide 
of  iron  in  part   reduced  with  the  fulphurated 
hidrogen  held  in  folution  in  the  water,  the  fmell 
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• » 

/of  which  wai  diffipated  at  the  very  moment 
of  this  union • 

69,  Ifon  unites  with  many  metallic  fub* 
fiances,  and  forms  very  ufeful  compounds  by 
its  alloys.     It  combines  with  arfenic  by  fufion. ; 

'  it  even  reduces  the  arfenious  acid  when  heated 
with  jt :  and  it  refults  from  the  experiments  of 
Wallerius,  of  Gellert,  andofWiegel,  upon  this 
fpecies  of  alloy,  that  it  is  brittle,  of  a  white 
colour,  analagous  to  the  native  arfeniate^  iron 
or  mifpickel,  much  more  fufible  than  iron,  and 
that  it  is  employed  for  making  agraffes,  chains, 
and  jewellery,  on  apcount  of  the  lively  bril- 
liancy and  the  beauty  of  the  polifli  which  it 
receives.     Bergman  confiders  this  alloy  as  tha 
p^^ufe  of  the  brjttlenefs  of  red-.fhort  iron. 

70.  Nothing,  or  almoft  nothing,  has  hitherto 
been  faid  concerning  the  union  of  iron  withtung-    , 
ften,  mplybdena,  chromium,  titanium,  and  ura- 
niumt     Its  alloy  with  cobalt  has  been  indicated 
by  feveral  chemifts ;  Wallerius,  in  defcribing  it, 
fays,  that  thefe  two  metals  may  be  combined 
without  loCs,  by  adding  to  them  black  flux  and 
pulverized  charcoal.     This  alloy,  according  to 
him,  is  attraftable  by  the  magnet,  even  when  it 
contains  only  one  part  of  iron  to  three  of  c(h     1 
bait ;  but  I  have  already  ihown  that  a  much 
fmaller  proportion  of  iron  could   render  this 
metal   attractable,  and  that  even   iti   its  pure 
ftate  it  appears  decidedly  to  poffefs  this  pro-* 
perty.     The  alloy  of  cobalt  and  iron  is  com-' 
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pofed  of  very  fmall,   very  clofe,  and  very  hard 
grains,  which  cannot  be  broken  without  diffi- 
culty: fome  cbemifts  have  compared  it  with  fteel 
71.  According  to  Cronftedt,  iron  unites  very 
well  with  nickel,  and  it  has  fo  ftrong  an  attrac- 
tion for  the  latter  that  he  has  placed  it  in  the 
firft  rank.     He  alfo  remarks,  that  this  union  is 
favoured  by  fulpbur.     We  have  feen  elfewhere 
that  this  combination  appeared  to  be  fo  inti- 
mate and  fo  difficult  to  be  deftroyed,  to  tjie 
celebrated  Bergman,  that  he  defpaired  of  being 
jible  completely  to  deprive  the  nickel  of  iron, 
and  that  he  wa^  induced  to  believe  t)iat  thefe 
two  metals  fingularly  refembled  one  another,  and 
that  it  was  poflible  that,  as  well  as  manganefe 
andplatina,  they  might  be  only  particular  modi- 
fications of  the  fame  natural  fubftance ;  but  the 
rules  which  this  able  chemift  has  himfelf  efta- 
.  bliihed  in  his  method  of  reafoning  as  a  natural 
philoippher,    do  not  permit  us  to  adopt  this 
opinion,  fmce  moft   of  the  properties  which 
charafterize  thefe  metallic  fubftances  are  more 
different  from  eaph  other  than  thofe  in  which 
tftey  refcmble  one  another,  and  fince  it  has  alfo 
^ever  been  pra6licable  to  convert  the  one  into 
*fa^  other,  or  to  approximate  and  render  them 
P^rfcftly   fimilar  to  each   other ;    a  condition 
^l>lblutely  neceffary  in  order  to  admit  a  real 
^^Ontity  between   two  or  more  fubftances,  as 
*^e  Swediih  profeffpr  has  himfelf  laid  down  in 
*^is  valuable  works. 

72.  The 
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72.  The  alloy  of  iron  with:  mangancfe  has 
not  yet  been  examined  with  fufRcient  attention 
to  make  us  well  acquainted  with  its  properties ; 
we  only  know  that  thefe  two  metals  are  fre- 
quently combined  together,  that  this  union 
renders  the  iron  brittle ;  that  mangariefe  fre- 
quently accompanies  the  ores  of  iron ;  that  it 
exifts  in  the  caft  and  the  forged  iron  obtained 
from  them ;  that  it  is  very  difficult  to  feparate 
thc'laft  portions  of  iron  from  the  ma^nganefe; 
that  this  is  always  attra^able  by  the  magnet; 
and  that  thefe  two  metals  have  fo  mucli  analogy 
with  one  another,  that  we  ihould  be  tempted 
to  confider  them,  with  Bergman,  as  mere  mo- 
difications of  one  and  the  fame  fubftance,  if 
they  did  not,  however,  prefent  differences  fuffi- 
ciently  marked  in  their  properties  when  accura- 
tely compared  with  each  other.  It  is  yet  un- 
known what  influence  the  manganefe  produces 
upon  tlie  iron  in  the  fo  frequent  combination 
which  it  forms  with  this  metal,  either  in  the 
ftate  of  caft  or  of  forged  iron,  or  in  that  of 
fteel. 

•    73.  Henckel  was  the  firft  who  remarked  that 
iron  combines  with  bifmuth,    and  forms  with 
it  a  brittle  alloy,  attra6lable  by  the  magnet, 
though  the  proportion  of  bifmuth  in  it  amounted 
to  three  fourths.     Mufchenbroeck  found,  by 
bis  experiments,  that  equal  parts  of  iron  aoA 
of  bifmuth  united  badly ;  that  the  refult  was  ^ 
very  brittle  metal,  unequally  combined,  as  foin^ 
Af  '  parts 
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parts  of  the  mafs  were  hard  and  others  foften 
He  was  able  to  examine  the  tenacity  of  this 
alloy  only  in  two  cafes,  the  one,  in  which  an 
alloy  of  twenty  parts  of  iron  with  one  part  of 
bifmuth  was  broken  b}'-  a  weight  of  151  pounds 
the  other,  in  which  a  combination  of  four 
parts  of  iron  and  three  of  bifmuth  prcfented  a 
metal  hollow  at  the  middle,  which  was  broken  by 
a  weight  of  35  pounds.  Gellert  has  obferved, 
that  the  bifmuth  combined  with  iron  is  fpc- 
cifically  lighter  than  the  mean  indicated  by  the 
relation  of  the  fpecific  gravity  of  each  of  thefe 
metals  in  their  proportions.  Some  modern  che- 
mifts  have  deceived  thcmfclves  bv  concluding:, 
from  pretended  analogies  between  bifmuth  and 
lead,  that  the  firft  of  thefe  metals  ought  not 
to  be  fufceptible  of  uniting  with  iron.  Fads 
and  experiments  muft  be  preferred  to  mere 
reafoning. 

74.  Iron  unites  eafily  with  antimony  by 
fufion.  This  alloy,  made  with  equal  parts,  is 
neither  du6lile  nor  attraftable  by  the  magnet ; 
it  is  hard,  wnth  fmall  facets,  and  flattens  but 
very  littte  under  the  hammer  before  it  breaks ; 
it  refembles  caft  iron  according  to  Wallerius. 
Juttcker  has  remarked,  that  iron  fufed  with  half 
its  weight  of  an  alloy  of  antimony  and  tin, 
affords  a  very  hard  and  very  brittle  metal, 
vhich  burns  like  wood  by  the  mediation  of 
^itre.  The  alloy  of  iron  and  antimony  was 
formerly  called  martial  regulus,  but  it  Avas  pre- 
pajedwith  the  fulphuret  of  antimony.     Iron 
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has  more  attraclion  for  fulphur  than  antimoiijr 
has ;  when  we  heat  it-  with  the  fulphuret,  it 
rtecompofes  it  and  feizes  its  fulphiir*  Chemical 
authors  have  infifteji  much  upon  this  operation, 
and  have  given  many  ptocefleis  for  it,  dififering 
with  refpeft  to  the  proportions  and  the  mode  of 
performing  it ;  they  had  alfo  made  it  the  bafc 

\  of  many  pharmaceutical  preparations,  which 
are  now  entirely  forgotten  and  laid  afide*  The 
following  is  the  proccfs  moft  generally  adopted 
for  this  decompofition,  Fiye  parts  of  points 
of  horfe-ihoe  nails,  or  of  foft  iron  in  very  ftnall 
fragments,  are  heated  to  rednefs  in  a  crucible^ 
fixteen  parts  of  pounded  fulphuret  of  antimony 
are  then  thrown  in ;  a  brifk  fire  is  immediately 
applied,  in  order  to  effefi:  the  fulion  of  the  mix* 

*  ture  which  very  fpeedily  takes  place.  When  the 
matter  is  well  f ufed,  one  part  of  nitre  in  powder 
is  thrown  into  the  crucible :  this  burns  a  portion 
of  the  fulphuret  of  iron,  and  by  the  aid  of  its 
alkaline  tlux,  facilitates  the  feparation  of  the 
fcoriae  from  the  antimony.  The  mixture  when 
cooled,  prefents  the  latter  metal  well  collefifc- 
ed  and  pure  at  the  bottom  of  the  crucible.  If, 
inflead  of  five  parts  of  iron  to  fixteen  of  ful- 
phuret of  antimony,  we  employ  one  half  of 
iron,  the  antimony  which  we  obtain  is,  al- 
loyed with  iron,  and  formerly  confi:ituted  the 
martial  regulus.  In  this  operation,  the  iron 
combines  with  the  fulphur,  and  forms  a  light 
fulpfiuret  which  rifes  in  fcori^  above  the  anti* 
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many  which  bejcomes  fufed  and  precipitated  to 
the  bottom  of  the  crucible.  When  the  propor* 
tion  of  nitre  employed  is  augmented,  the  fcorias 
are  yellowifli ;  and  they  were  termed  by  Stahl, 
fuc€inatedfcori(e.  By  pulverizing  them,  boil- 
ing them  in  water  and  caufing  the  infoluble 
powder  to  detonate  three  fucceflive  timed  with 
nitre,  and  then  lixiviating  a  laft  time,  the 
'  aperitive  antimoniated  faffron  of  mars  of  Stahl 
was  prepared, 

75.  There  is  no  combination  between  iron 
and  mercury.  Thofe  chemifts  who  had  conceiv- 
ed great  and  lingular  expe6lations  concerning 
this  combination  with  refpeft  to  the  medicinal 
properties  towards  which  they  have  fo  long 
direfiled  their  views,  have  in  vain  endeavoured 
to  produce  it :  their  efforts  have  always  proved 
ineffe3;ual;  and  in  order  to  form  pretended 
combinations  between  thefe  two  bodies,  they 
have  been  obliged  to  employ  complicated  pro- 
ceffes  and  intermedia,  as  they  themfelves  called 
them,  which  have  given  rcfults  foreign  to 
thofe  which  they  fought.  Thus  after  the  com- 
plete failure  of  the  alchemifts,  Wallerius  pre^ 
tended  to  form  a  kind  of  amalgam  of  iron  by 
means  of  the  fulphate  of  copper,  the  oxide  of 
which,  reftored  by  the  iron  to  the  metallic 
ftate,  afforded  him  only  an  amalgam  of  copper 
adhering,  for  fome  time  only,  to  the  furface 
of  the  iron  upon  which  it  had  depofited  itfelf. 
Though  in  fome  experiments  of  Borrichius  and 
Junker,  iron  has  ruftcd  and  become  brit- 
tle 
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tie  in  mercury,  it  is  "only  to  the  water  witli 
which  this  metal  is  frequently  moiftened^ .  oir 
fome  extraneous  body,  that  this  alteration  can 
be  attributed.  Philofophers  and  chemifts  have 
every  day  occafion  to  fee  that  the  inftruments, 
the  tubes,  the  cocks  of  iron  and  fteel,  which  they 
fill,  M'hich  they  inceffantly  rub  with  mercury 
in  their  experiments,  lofe  neither  their  proper- 
ties nor  their  brilliancy  by  the  conta6l  of  this 
fluid  metal.  ^  A  thoufand  fa6ts  prove  that  iron 
a<5ls  as  powerfully  upon  the  oxides  of  mercury, 
by  depriving  them  of  their  oxigen,  and  reduc- 
ing them  to  the  metallic  ftate,  as  it  a6ls  feebly 
upon  the  running  mercury.  Thus  iron  filings 
become  black  by  trituration  with  the  red 
oxide  of  mercury,  and  burn  even  to  inflamma- 
tion when  they  are  heated  with  this  oxide: 
thus  iron  decompofes  and  reduces  the  red  and 
fulphurated  oxide  of  mercury,  the  fuper-oxige- 
nated  oxide  of  mercury,  and  all  the  other 
oxided  combinations  of  this  metal. 

76.  Iron  unites  with  zinc  though  with  diffi- 
culty ;  moft  chemifts  have  even  doubted  the 
poiTibility  of  this  alloy,  aiid  have  endeavoured  to 
aflign  its  caufe  to  the  eafy  fufion  and  vola- 
tility of  the  one,  compared  with  the  extreme 
infufibility  and  fixity  of  the  other.  However 
Wallerius,  who  has  infifted  jthe  moft  ujxjn  this 
diverfity  of  properties,  as  the  reafon  of  the 
indifference  of  thofe  two  metals  with  regard  to 
each  other,  has  obferied  that  after  having 
firongly  heated  thein  together,  the  iron  had 
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ifetained  a  little  zine,  which  he  difcovei'ed  by 
folations  and  precipitations.  It  is  evident  that 
this  announces  a  real  combination  between 
thofe  bodies,  but  only  in  very  fmall  propor* 
tion  with  refped;  to  the  zinc.  Malouin,  iii 
his  refearches  concerning  the  latter  metal,  has 
obferved  that  zinc  applies  itfelf,  like  tin, 
to  the  furface  of  iron  by  fuifion,  and  pre-^ 
ferves  it  from  rufting :  which  indicates  a 
combination  between  thefe  two  metallic  fub- 
ftances. 

77-  In  the  experiments  of  all  chemifts,  iroii 
has  always  been  combined  with   tin  with  dif- 
ficulty.    There    has    however   been    prepared 
from    time    immemorial,    under   the  name  of 
tin  plates,  a  compofition  of  tinned  iron,  which 
announces  a  pretty  ftrong  attrafilion  between 
the  two  metals.   In  order  to  prepare  the  tinned 
iron,  (called  tin)  they  take  iron  plates  carefully 
(cpured  with  fand,  or  pulverized  fand^ltone,  irt 
order  to   remove  all  the  impurities,  and  that 
there  may  reftiain  no  ruft  upon  their  furface; 
thefe  are    fteeped    for    twenty-four  hours   in 
water  rendered  four  with  bran  or  flour,  or  aci-» 
dulated  with  a  little  fulphuric  acid,  and  agi-» 
tated  from  time  to  time ;  they  are  fcoured  in 
this  liquid;  then  are  wiped  with  linen  cloths; 
and    afterwards     immeifed   feveral    times,    in 
fufedtin:   this  metal  adheres  to  the  furface 
of  the  plates  of  iron  which  it  covers  all  over ; 
they  ar^  drawn  out  of  it,  and  ke^pt  fufpended 
,  iti- order  to  fuffer  the  fuperabundant  portion 
Vol.  VL  R  of 
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of  tin  to  run  off;  finally,  they  are  rubbed  ^itfr 
faw-clnft  in  order  to   clean  them ;  and  in  this^ 
manner  are  obtiained  the  plates  of  common  tin. 
When    utenfils    thicker  than    iron    plate,  are 
to  be  tinned,  the  aftion  of  the  file,  and  mu- 
riate   of  ammonia   are    fubftituted  inftead  of 
the  bran  and  acid.     Moft  chemifts  confider  the 
compofition   of  this  iron  as  a  fimple  tinning, 
or  mere  covering  of  tin  applied  upon  the  iron. 
Others  however  have  remarked,  that  the  whole 
thicknefs  of  the  plate  is  whiter  in  the  infide  than 
iron  is,  and  that  it  is  fofter  and  more  malle- 
able than  the   latter  metal   in   its  pure  ftate, 
whence  they  have  concluded  that  an  interior 
penetration  and  an  intimate  alloy  was  efFedled. 
Mufchenbroeck  and  Walleriu^,  whilft  they 
announce  the  difficulty  of  alloying  thofe  two 
metals  with  each  other,  have  however  obtained 
a  real  alloy,  the  charafters  of  which  they  have 
defcribed,     Mufchenbroeck    afferts    that  thi^ 
alloyed  metal  was  very  hard,  difficult  to  be 
filed,  of  the  colour  of  iron,  very  brittle, ,  and 
that   he    was  not  able  to  eftimate   its   con- 
fiftence  or  tenacity.     Wallerius  has  defcribed 
it  as  a  grey  alley,  flightly  duftile,  attradable 
by  the  magnet,  when  compofed  of  two  parte 
tin,  and  one  of  iron.     It  has  been  generally 
agreed  that  iron  renders  tin  harder,  more  dif- 
ficult to  be  fufed  and  more  fonorous.     It  is  on 
account  of  thefe  properties  that  fome  perfoitf 
have  propofed  to  add  iron  to  tin,  in  order  to 
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form  a  much  more  folid,  and  much  mote  adhc- 
five  tinning  for  copper. 

Bergman  has  made  confiderably  numerous  ex- 
periments, and  obtained  feveral  interefting  refults 
relative  to  the  alloy  of  iron  and  tin.     He  then 
wiflied  to  afcertain  the  differences  or  the  analo- 
gies that  might  exift  between  this  alloy,  and  the 
matter  which  he  had  extrafted  from  cold-fbort 
iron,  brittle  in  the  cold,  which  he  had  believed 
to  be  a  particular  metal,  and   defignated   by 
the  name  of  SideritCj  but  which  has  fmce  been 
afcertained  to  be    phofphuret    of   iron.      By 
covering  tin  with  iron  filings  iii  a  crucible,  the 
reft  of  which  was  filled  with  charcoal  and  well 
clofed,  and  heating  this  apparatus  with  the  fire 
of  a  forge  for  half  an  hour,  he  conflantly  ob- 
tained two  diftinft  metallic  alloys,  anfwering 
to  the  weight  of  the  two  metals  which  he  had 
employed.     Thefe  two  buttons  were  two  fepa- 
rate  allojj^,  the.  one  of  iron  imited  with  a  little 
tin,  the  other  of  tin    retaining  a  little   irom 
The  extremes  of  thefe  two  metallic  combina- 
tions, or  the  points  of  their  reciprocal  fatura- 
tion    were    tin,  containing    a    twenty-fecond 
of  its  .  weight   of  iron,  and    iron    faturated 
with  half  its  weight  of  tin ;    thofe    at  leafl, 
the  properties  of  which  he  has  carefully  de- 
fcribed.     The  tin   containing  r^  of  iron  was 
very  malleable,  capable  of  being  cut  with  a 
knife,  though  a  little  impaired  in  its  brilliancj^, 
niore  hard,    affording   with  the  fufible  phof- 
phates  a  brown  glafs  lefs  fufible,  lefs  combina- 
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ble  with  lead  and  tin,  blacking  and  leaving  an 
infoluble  powder  with  the  nitric  acid«   Tin  con- 
taining only  two  hundredths  and  a  half  of  iron, 
was  ftill  attra6iable  by  the  magnet,  and  black- 
ened in  its  oxidation.     Iron  faturated  with  half 
it  weight  of  tin,  prefents  properties  modified 
by  the  latter  metal :  this  alloy  is  (lightly  mal- 
leable, it  is  not  capable  of  being  cut  with  the 
knife,  it  unites  only  with  great  difficjilty  with 
mercury,  it  is  with  great  difficulty  fufible  with 
the  phofphates,  it  conftantly  emits  in  this  fufion 
brilliant  ftellated  fparks,  which  is  never  done 
feither  by  iron  or  by  tin  alone.     However,  when 
by  the   addition  of  iron  we  have  obtained  an 
alloy  with  0, 1 1  of  tin,  this  alloy  is  ftill  very 
t>^ell   charafterized    by    the  ftellated   brilliant 
fparks,  which  are  emitted  from  the  midft  of 
the   phofphate   when    it  is  fufed    before    the 
blow-pipe ;  it  has  alfo   the  property  of  pre- 
feipitating  the  folution  of  gold,  and  tinging  it 
with  a   brown  colour.      Bergman  concluded 
from  thefe  experiments,  that  the  different  al- 
loys of  iron  and  tin  which  he  had  obtaitaed 
differed  from  the  fiderite :  and  though  he  had  not 
yet  found  in  this  manner  what  that  body  was, 
he  had  found  at  leaft  what  it  was  not ;  a  kind  of 
difcovery  which  being  almoft  equally  valuable, 
and  often  equally  difficult  to  be  made  with  that 
oftheexa^t  nature  of  a  compound,  certainly  re- 
cals  the  inquirer  from  the  path  of  Terror,  and  Con- 
da^s  him  infenfibly  nearer  to  the  path  of  truth. 

78.  Iro» 
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78.  Iron  cannot*  coml?ine  with  lead  by  fulion. 
All    chemifts    have    obferved   that    when  the 
two  metals  are  fufed,  the    iron  fwims  at  the 
top  of  the  lead,  and  conftantly  remains  with- 
out uniting  with   it.'     Juncker  even  endea- 
voured  to   explain  this  phenomenon  by  the 
thicknefs  and  confidence  of  the  particles  of  the 
le^d,  and  by  the  lightnefs  of  thofe  of  the  iron. 
Mufchenbroeck,    however,    has  defcribed   the 
properties  of  an  alloy  of  one  part  of  iron  with 
three  parts  and  a  quartei-  of  lead.     He  fays, 
that  a  paralellopipedon  of  this  alloy,  of  a  tenth 
jof  an  inch,  required  225  pounds  to  break  it. 
He  adds,  that  an  alloy,  of  ten  parts  of  iron 
with  one  of  lead,  has  a  fpecific  weight' equal  to 
4,250 :  there  is  fome  error  in  this  refpeft  in  the 
experiinents  of  the  Dutch  philofopher  Gellert, 
who,  of  all  the  fyftematic  chemifts,  has  moft 
ftudied  the  reciprocal  combinations  of  metals: 
he  obferyes,  that  iron,  not  being  able  to  unite 
^ith  lead,  may  ferve,  by  virtue  of  this  pro?^ 
perty,  to  feparate  lead  from  almoft  all  the  other 
metals,  provided,  however,  that  the  metal  from 
which  we  wifh  to  feparate  the  lead,  have  Ids  at- 
tra^oin  for  it  than  for  the  iron.     Macquer  re- 
marked, in   the  fame  fenfe,    that  lead  might 
ferve  as  an  intermedium  for  feparating '  iron 
from  the   other  metals  with  which   lead   can 
unite  by  preference  ;  we  Ihall  fee  a  well-marked 
inflance  in  the  hiftory  of  filver,  which  is  puri? 
^cd  from  iron  by  its  fufion  wjith  lead- 
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G.  ASion  upon  Water  and  the  Oxides. 

79.  I  HAVE  already  remarked  upon  a  former 
occafion,  (No.  59.)  that  the  red  oxide  of  iron 
was  in  part  decompofed  by  hidrogen  gas,  but 
that  the  black  oxide  M^as  never  altered  by  this 
combuftible  body.  I  have  infifted  upon  the  dif- 
ferent attraftibn  which  exifts  between  oxigen  and 
the  black  oxide  of  iron ;  it  muft  be  recoUeded 
that  the  firft  portion  of  oxigen  which  unites 
with  iron,  adheres  to  it  much  more  ftrongly 
than  the  laft.  It  is  in  this  difference  of  attrac- 
tion that  the  manner  in  which  this  metal  a6b 
upon  water  confifts.  A  multitude  of  obfervations 
proves  hoM^  alterable  it  is  by  this  liquid,  and  with 
what  facility  it  is  rufted  and  burned  by  its  con-- 
tact.  The  difcoveries  of  Citizens  Monge  and 
Lavoifier  concerning  the  nature  of  water,  of 
which  I  have  fo  often  fpoken,  have  fhown  from 
whence  this  a^ion  of  the  water  proceeds ;  and 
the  alteration  itfelf  which  it  caufes  iron  to  un- 
dergo, has  become  in  the  hands  of  the  latter 
of  thefe  celebrated  philofophers,  an  ingenious 
means  for  deducing  from  thence  the  compound 
nature  of  water,  and  proving  it  to  contain  ox- 
igen :  I  have  alfo  announced  that  the.hiftory  of 
this  metal,  fo  interefting  in  every  refped,  is 
conneded  with  the  moft  important  eppchas  of 
the  revolutipns  of  the  fciences,  and  that  it  has 
greatly  contributed,  by  its  excellent  properties, 
to  the  eftablilhment  of  the  pneumatic  doftriue. 
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To  this  generality  of  the  aft'ion  of  iron  upon 
water,  it  i$  neceflary  here  to  fubjoin  the  expo- 
fition  of  the  phenomena  which  it  prefents,  ac- 
cording to  the  different  circumftances  which 
accompany  it,  and  the  different  proceffes  by 
which  it  has  been  made  to  take  place, 

80,  When  iron  filings  are  put  with  water  un- 
der a  bell-glafs  filled  with  mercury,  and  the 
apparatus  expofed  to  a  temperature  exceeding 
fifteen  degrees,  it  foon  becomes  filled  with  fmall 
bubbles,  which  are  feen  at  fir  ft  as  if  attached  to 
the  particles  of  tl>e  iron  ;  gradually  the  bubbles, 
which  become  lai'ger  and  more  numerous,  col- 
lect above  the  water  and  the  iron,  and  caufe  the 
mercury  to  defcend  by  the  volume  which  they 
occupy.  This  a6lion  continues  for  a  long  time^ 
and  the  iron  is  found  at  laft  changed  into  a 
very  black  powder,  more  voluminous  than  the 
iron  from  which  it  proceeded,  was  at  firft ;  the 
water,  if  it  had  been  taken  only  in  fmall  quan- 
tity, is  much  diminiflied,  and  the  gas  which  is 
colle6led  is  hklrogen  gas.  Lavoifier,  to  whom 
we  owe  this  fine  experiment,  found  that  the 
iron  had  increafexl  in  weight,  and  that  by  add- 
ing this  augmentation  to  the  weight  of  the  hi- 
drogen  gas  obtained,  We  have  precifely  that  of 
the  water  w  hich  was  deficient.  The  iron  burned 
in  this  manner  by  water,  never  becomes  yellow 
or  reddifh,  as  long  as  it  is  guarded  againft  the 
conta6i;  of  the  air,  but  as  foon  as  it  is  expofed 
to  this  contadl,  and  is  moiftened  at  the  fame 
time,  it  pafTes  into  the  yellow  of  ruft,  by  gra- 
dually 
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dually  abforbing  a  fomewhat  larger  quantity  of 
oxigen,  and  efpecially  of  carbonic  acid. 

81.    Lemery  had  made,  by   a    fimilar  pro*- 
cefs,  a  prej^arajtion  of  iron,  which  he  believed 
to  be  only  a  fimple  divifion  or  attenuation  of 
the  metal,  and  which  he  called  martial  EthibpSy 
on  account  Df  its  black  colour^     He  put  iron 
filings  at  the  bottom  of  an  oblong  veflel  filled 
with  water ;  he  agitated  this  metal  from  time  to 
time  in  the  fupernatant  water,  conftantly  guard' 
ing  it  very  carefully  againft  tlie  cpntafl;  of  the  air, 
and   affiduoufly  removing  that  portion  which, 
fometimesfwimming  at  the  top,  quickly  affumcs 
there  th^  chara6ter  of  ruft  or  ochre.     In  fome 
weeks,  or  fome  months,  the  whole  of  the  filings 
was  thus  converted  into  Ethiops.  In  the  perfua- 
fion,  which  long  prevailed  amongft  the  chemifis, 
that  this  was  only  a  real  divifion  of  the  iron, 
they  induftrioufly  fought  means  for  rendering  it 
more  eafy  and  effedual,    and  diminiihed  the 
length  of  time  which  was  required  for  obtainr 
ing  this  pre1)aration.     JRouelle  had  advifed  the 
ufe  of  the  agitators  of  La  Garaie,  in  order  to 
favour  and  multiply  the  contaft  between  the  wa- 
ter and  the  iron  ;  others  had  remarked,  that  by 
adding  to  the  water  a  little  nitric  acid,  iulphu- 
fic  acid,  or  even  acid  of  vinegar,  a  large  quaur 
tity  was  quickly  formed  of  this  powder,  whichis 
nothing  elfe  than  black  oxide  of  iron  :  fome  ob- 
tained it  by  reducing  red  oxide  of  iron,  with  the 
addition  of  oil,  in  a  crucible  ;  others  by  diftil- , 
ling  ruft  of  iron  in  an  open  retort.     Some,  rely- 
jug  always  upon  the  adion  of  the  water,  and  be- 
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lieving  that  when  prepared  in  any  other  way  thaa 
with  this  liquid,  the  ethiops  could  not  hav6  the 
requifite  qualities,  returned  to  its  ufe ;  and  it 
was  found  that  by  making  a  pafte  of  iron  filings 
with  water,  and  leaving  it  for  fome  days  ex* 
pofed  to  the  air,   it   became  heated,  fwelled» 
cracked,  oxided  into  the  yellow  compound,  and 
afterwards, .  by  fimple  calcination  in  a  crucible, 
became  a  magnificent  and  abundaiit  ethiops* 
In  this  latter  procefs,  precifely  the  fame  thing 
is  done  as  when  the  carbonate  of  iron  or  ruft  is 
heated ;  and  the  iron  is  always  oxided  by  the 
water,  which  yields  to  it  only  the  portion  of 
oxigen  lequifite  for  its  oxidation  in  the  black . 
ftate.      Thus,    even    in    Lemery's    method   of 
operating,  hidrogen  gas  was  difengaged,  which 
gradually  efcaped  in  very  fmall  bubbles,  and 
diffufed  its  very  diftinguifliable  odour  in  the 
places  where  this  operation  is  performed.     We 
have  a  very  ftrong  proof  that  the  preparation  of 
Lemery,    or    any    other  fimilar  one,  is  "only 
an  oxidation  of  the' iron,  effe^ed  with  the  aid 
of  the  oxigen  of  the  water,  not  only  in  the 
redu6lion-  of  the  red  oxide,  which  paffes  only 
into  the   black,    by    the    aftion   of  hidrogen 
gas,  but  alfo  in  the  interefting  experiment  of 
Citizen  Vauquelin,  who,  by  heating  in  a  retort 
or  a  crucible,  equal  parts  of  red  oxide  and  of 
filings  of  iron,  reduced  the  whole  mixture  into 
black  oxide,  thus  caufingthe  iron  to  ihare  the 
portionofoxigen  contained  in  the  red  oxide  be- 
yond what  w^as  required  for  its  black  oxidation. 

Citizen 
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Citizen  Monnet  has  afferted,  that  in  all  cafes 
in  which  water  is  left  in  contaft  with  iron, 
it  diifolves  a  little  of  it,  in  its  pure  ftate, 
and  contrafts  a  very  perceptible  ferruginous 
tafte. 

82.  The  decompofition  of  water  by  means  of 
iron  takes  place  much  more  rapidly,  wl>en  we 
raife  the  temperature  of  thefe  two  bodies,  and 
cfpecially  when  we  place  water  in  the  ftate  of 
vapour  and  red-hot  iron  in  conta6l  with  each 
other.  It  was  in  this  manner  that  Lavoifier 
confirmed  the  fine  difcovery  of  the  nature  of 
water.  I  have  defcribed  this  operation  elfe where: 
I  muft  here  only  repeat  that  at  the  moment 
when  the  water  in  the  ftate  of  vapour  touches 
the  inpifsr  furface  of  a  red-hot  tube  of  iron, 
a  large  quantity  of  hjdrogen  gas  is  difengaged, 
the  Walter  difappears,  the  iron  is  burned,  oxided 
black,  foftens,  fwells  equally  throughout  its 
whole  furface,  in  fuch  a  manner  that  its  in- 
terior cavity  becomes  diminifhed,  reipaining, 
neverthekfs,  cylindrical.  When  this  furface 
of  iron  is  oxided  in  fuch  a  rnanner  that  the 
\vater  palTes  through  the  tube  without  fuffering 
alteration,  after  kttii^g  the  apparatus  cqpl  com- 
pletely, we  find,  on  weighing  it,  ift  the  fum  of 
the  weight  of  the  hidrogen  gas,  and  of  the 
augmentation  of  the  tube,  the  total  quantity  of 
the  water  that  has  difappeared.  The  interior 
part  of  the  tube  prefents  a  dilated,  black, 
brilliant,  lamellated,  brittle  layer,  which,  when 
jeduced  into  powder,  is  real   black  oxide  of 
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iroii.  The  fame  refult  is  obtained  by  caufing 
water  in  the  ftate  of  vapour  to  pafs  through  a 
tube  of  porcelain^  into  which  plates  of  iron  have 
been  introduced ;  and  this  is  the  procefs  at 
prefent  employed  in  France  for  obtaining  the 
hidrogen  gas  neceffary  for  the  diftention  of 
aeroftatic  machines.  This  beautiful  experiment 
explains  a  multitude  of  phenomena  whfch  were 
unintelligible  previous  to  the  difcovery  of  the 
decompofition  of  waten  It  ihows  us  why  red- 
hot  iron  plunged  into  water  produces  an  efFer- 
vefcence  and  an  ebullition,  accompanied  with 
a  hiffing  noife,  which  is  the  more  confiderable 
in  proportion  as  the  iron  is  hotter;  why  caft- 
iron,  in  the  ftate  of  fufion,  produces,  by  the 
contaft  of  water,  dangerous  explofions, '  as  has 
been  obferved  in  founderies,  where  great  care 
is  taken  to  render  the  moulds  extremely  dry ; 
why  a  great  number  of^acids,  in  diflblvingiron, 
difengage  a  more  or  lefs  confiderable  proportion 
of  hidrogen  gas  by  favouring  the  decompofition 
of  the  water ;  why,  when  we  heat  wet  or  moifi; 
iron  filings  in  clofe  veffels,  we  obtain  hidrogen 
gas,  and  the  filings  become  black.  It  is  to  be 
obferved,  that  the  caft  metal  has  not  the  fame 
a6lion  upon  water  as  the  pure  iron  has,  fince  it 
already  contains  a  certain  proportion  of  oxigen, 
which  greatly  diminiflies  its  attraftion  for  that 
principle :  it  is  on  this  account  that  caft  iron 
is  employed  with  great  advantage,  even  for 
works  under  water,  and  that  the  caft  iron 
cylinders,  which  inceffantly  contain  water  in 
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the  ftate  of  vapour  in  fteam  engines,  do  not 
fufFer  alteratioti ;  whereas,  pure  iron,,  if  em- 
ployed for  thefe  purpofes,  would  foon  be  oxided 
and  deftroyed.  Redrhot  fteel,  on  the  contrary, 
decompofes  water  very  rapidly,  and  it  does  not 
differ  from  iron  in  the  produfts  of  this  decom- 
'  pofition,  except  in  the  circumftance  that  it 
affords  a  little  carbonic  acid  gas  mixed  with 
the  hidrogen  g-as,  on  account  of  the  carbon 
which  it  contains. 

83.  The  great  attraftion  for  oxigen  which 
all  the  fafts  hitherto  adduced,  Ihow  to  exift  in 
iron,  muft  prove  that  this  metal  has^  the 
property  of  decompofing  mofl  of  the  metallic 
oxides :  accordingly,  when  iion  filings  ar^ 
heated  with  moft  of  the  other  oxided  metals, 
the  latter  yield  to  the  former  their  oxigen, 
which  burns  it,  whilft  they  pafs  again  into  the 
metallic  ftate.  The  lefs  attradion .  the  metals 
have  for  the  principle  of  combuftion,  the  more 
eafily  they  fuffer  it  to  be  taken  from  them  by 
the  iron,  which  abforbs  it  with  the  greater 
force  and  promptitude.  This  abforption  may 
•  be  fo  powerful  as  to  produce  inflammation 
of  the  iron.  Only  zinc  and  manganefe,  inflead 
of  yielding  oxigen  to  iron,  are  capable  of  de- 
compofing its  oxides,  and  reducing  it  either  to 
the  metallic  Aate,  or  to  a  flate  very  nearly  ap- 
proaching the  metallic.  We  fhall  fee  hereafter 
that  iron  ferv^es,  by  virtue  of  this  property, 
for  precipitating  feveral  metals  from  their  folu- 
tions,  and  enabling  us  to  obtain  them  in  their 
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tiatufal  ftate.  In  thefe  cafes,  the  iron  firft  feizes 
their  oxigen,  and  in  proportion  as  they  arc 
difoxigenated,  they  feparate  from  the  acids  with 
the  metallic  luftre,  and  the  oxide  of  iron  which 
is  form^,  unites  with  the  acid  in  their  place, 

H.  ASion  upon  the  Acidt. 

g^.  There  is  no  met^l  more  oxidable  and 
more  fufceptible  of  uniting  with  the  acids  than 
iron  ;  and  at  the  fame  time  there  is  none  whofe 
power  of  uniting  with  the  acids,  and  remaining 
united  with  them  in  permanent  folution,  is  more 
limited.  The  adion  of  the  acids  upon  iron, 
or  of  iron  upon  the  acids,  is  one  of  the  branches 
cf  chemiftry  which,  as  it  prefents  the  moft  re- 
markable fads  and  phenomena  to  the  obferver^ 
has  been  moft  confpicuoufly  illuftrated  by  the 
French  pneumatic  dod:rine.  Previous  to  its 
eftablifhment,  every  thing  relative  to  this  fub- 
je6l  was  vague  and  arbitrary  j  the  fa<Ss  were; 
if  I  may  ufe  tlie  expreffion,  fo  many  myfteries, 
or  entirely  undetermined  problems.  This  pro- 
found obfcurity  has  been  fuccecded  by  the  hap*- 
-pieft  light ;  and  applications  the  moft  perfpi- 
CU0US,  and  at  the  fame  time  the  moft  brilliant, 
as  w^ell  as  the  moft  methodical  concatenatioa 
of  all  the  phenomena  have  flowed  from  the 
bales  of  the  modern  theory  as  from  a  pure  ^ad 
prolific  fjource :  and  the  theory  itfclf  has  aifo  re- 
ceived /great  improvements* 
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85.  The  concentrated  fulphuric  acid  has 
fcarcely  any  a£lion  upon  iron  in  the  cold; 
When  we  heat  it  upcto  this  metal,  it  fufFers  a 
decompofition  pioportionate  to  the  temperature 
to  ti^hich  it  is  raifed,  and  to  its  continuance.  At 
firft  fulphureous  acid  gas  is  difengaged  :  if  we 
continue  the  aftion  of  the  fire  till  the  mixture  is 
reduced  to  drynefs  by  diftillation,  we  obtain  fub- 
limed  fulphur,  and  there  remains  in  the  retort  a 
white  or  reddifh  mafs,  according  to  the  degree 
of  heat  that  has  been  applied,  but  which  never 
diffolves  iexcept  partially  in  water,  becaufe  it 
is  the  fulphate  of  iron  decompofed.  If^  inilead  of 
concentrated  fulphuric  acid,  we  throw  upon 
iron  filings  this  acid,  diluted  with  two  or  three 
parts  of  water,  a  quick  and  ftrong  effervefcence 
takes  place  ;  a*  large  quantity  of  hidrogen  gas 
is  difengaged,  which  is  fometimes  a  little  car- 
bonated, when  the  iron  employed  contains 
carbon :  fteel,  for  example  not  only  yields  a 
hidrogen  gas  of  this  kind,  but  there  is  alfo 
feparated  from  it  and  precipitated  to  the  bottom 
of  the  acid  a  black  powder,  confifting  of  car- 
biu'et  of  iron,  which  was  firft  difcovered  by 
Bergman,  and  has  fince  been  determined 
with  much  greater  exadnefs  by  Citizens  Ber- 
thoUet  and  Vauquelin.  Accordingly,  when  this 
experiment  is  made  with  the  view  of  obtaining 
hidrogen  gas,  efpecially  in  order  to  fill  aeroflatic 
machines,  we  ought  to  choofe  very  pure  and 
very  foft  iron,  and  to -reje6i;  fteel.  The  caft 
metaV  which  is  much  lefs  foluble  isx  the  ful- 
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phurife  acid  than  iron  is,  yields  lefs  hidrogen 
gas  than  this  metal,  becaufe,  being  already 
united  with  a  portion  of  oxigen,  the  iron  which 
is  contained  in  it  does  not  require  to  decompofe 
fo  much  water  in  order  to  arrive  at  the  point 
of  oxidation  neceffary  for  its  folution  in  the 
acid.  It  is  not  difficult  to  conceive,  that  if 
fulphuret  of  iron-  be  employed,  the  hidrogen 
gas  which  is  difengaged  will  be  fulphurated. 
It  is  likewife  almoft  fuperflnous  here  to  remark, 
that  the  hidrogen  gas  obtained  in  this  experi- 
ment is  tTie  prod«6t  of  the  decompofition  of  the 
water,"  favoured  and  rendered  very  aftive  by 
thepre-difpofing  attraftion  which  the  fulphuric 
acid  exercifes  upon  the  iron^  which  is  otherwife 
fo  fufceptible  of  oxidation,  and  that  it  is  on 
account  of  this  pre-difpofmg  attradion  that 
this  metal  decompofes  the  water  upon  the  firft 
contact,  whereas,  if  it  attacked  it  alone,  it  would 
decompofe  it  but  very  flowly  under  the  tempera- 
ture of  ignition,  as  has  been  feen  above.  It  is 
upon  this  production  of  hidrogen  gas  that  an  an- 
cient experiment  is  founded,  which  was  fre- 
quently performed  in  the  laboratories  of  chemif- 
try,  before  the  exiftence  of  this  gas  and  the  art  of 
collecting  it  was  known ;  an  experiment,  the 
theory  of  which  was  then  explained  by  the 
matter  of  fire  become  free,  or  the  phlogifton 
which  was  fuppofed  to  be  difengaged  from  the 
iron.  A  matrafs  of  ftrong  glals  was  chofen, 
into  which  were  put  diluted  fulphuric  acid  and 
iron:  at  the  moment  of  their  mutual  action 
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and  effervefcence,  the  neck  of  the  matrafs  was 
flopped  with  the  hand,  which  was  preffcd  upon 
it  pretty  ftrongly ;  after  the  preffure  had  been 
applied  for  fome  moments,  the  hand  was  re- 
moved, and  a  lighted  taper  or  piece  of  paper 
approached  to  the  orifice  of  this  neck :  fud- 
denly,  there  was  excited  an  inflammation  and 
fonorous  detonation,  on  account  of  the  mix- 
ture of  the  hidrogen  gas  with  the  portion  of 
air  exifting  in  the  matrafs,  both  being  cora- 
preffed  by  die  preffure  of  the  hand.  The  form 
and  the  contraction  of  the  orifice  of  the  vcffel, 
the  obftacle  which  it  oppofed  to  the  dilatation 
and  the  fudden  condenfation  of  the  gafes  by 
the  effeft  of  their  inflammation,  were  the  canfe 
of  the  fulmination  which  was  afforded  in  this 
experiment:  it  was  not  even  free  from  danger ; 
the  apparatus  was  frequently  broken  when  the 
gas  had  been  compreffed  for  too  great  a  length 
of  time,  and  when  the  veffel  was  not  very 
ftrong.  It  could  be  repeated  feveral  times  fuc- 
ceffively,  on  account  of  the  large  quantity  of 
hidrogen  gas  which  continues  to  be  difengaged 
till  the  acid  is  faturated  with  the  iron  which  h 
diffolved,  and  on  account  of  the  air,  whicii 
being  precipitated  in  the  matrafs  by  reafbn  of 
the  vacuum  produced  by  the  firft  itiflanuM* 
tion,  forms  in  it  the  detonating  mixture^ 

86.  In  proportion  as  this  ftrong  and  rapid 
aSion  takes  place  between  the  iron  and  thaf 
water  which  accompanies  the  fulphuric  acid, 
the  iron  is  oxidated  and  gradually  united  wiA 
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the  acid  which  attra6ts  it  at  the  fame  inflant  in 
which  it  is  formed  ;   the  aftion  almoft  always 
ceafes  when  the  acid  is  fiir  from  being  fatUrated 
with  iron ;   but  the  addition  of  a  little  water 
caufes  it  to  recommence,  becaufe  the   water 
exifting  before  this  addition  was  employed  iu 
cliffolving  the  fulphate  of  iron  that  is  formed. 
The  combination  of  the  oxide  of  iron,  and  of 
the  fulphuric  acid  united  with  water  gives  a 
green   colour  to  the  liquor,  which  at  £rft  is 
very  light,    but    at   laft,    efpecially  if    it  be 
^Kfofed  to  the  air  it  refemblds  the  brilliant 
^nd  pretty    deep  colour  of  the  emerald.     It 
^Imoft  always  a^ords  cryilals  by  cooling  and 
^^pofe,  for  this  liquor  is  agitated  and  liot  till 
the  &turation  of  the  fulphuric  acid  by  the 
^xide  of   iron,    of   which    it  can  take  more 
tlian  half  its   weiglit,    has  taken   place;    the 
^ryftals  of  fulphate  of  iron,  are  of  a  beautiful 
green  .colour,  of   a  rhomboidal  form,  and  of 
^  very  flrong  acrid  and  ailripgent  tafte, .    This 
ftit  is  prepared  in  the   large  way,  by  a  dif- 
ferent  pfocefs  in  many  of  the  places  M'hich 
abound  with  waters  that  are  charged  with  it, 
Or  with  fulphurets  of  iron ;  which  as  has  beea 
leen  above,  eafily  burn  ipi  the  air,  and  become 
Converted,  efpecially  with  the  aid  of  moifture, 
into  fulphate  of  iron.     In  fuch  countries  there- 
fore, great  heaps  of  fulphuret  of  iron  are  form- 
ed; they  are  moiftened  with  water ;  the  mo* 
l»cnt  is   fei^ed    when  they  have    efflorefced, 
^  become  covered  with  the  fait ;  they  are 
Vox.  VL  S  then 
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then  lixiviated  in  water ;  this  folution  is  fufFef- 
ed  to  fettle,  and  is  then  evaporate4  and  cryf- 
tallized.  Some  places  prefent  earths  naturally 
impregnated  with  fulphuret  of  iron  proceeding 
from  the  fpontaneous  combuftion  of  pyrites ; 
thefe  earths  require  only  to  be  lixiviated  in 
order  to  afford  the  fulphate  of  iron ;  of  this 
kind  is  the  earth  of  Bechai,  near  Beauvais. 
In  other  places  the  pyrites  are  ftrongly  roaft- 
ed ;  thus  their  fulphur  is  burned  and  their  iron 
oxided ;  fo  that  after  this  aftion  of  the  fire, 
nothing  more  remains  to  be  done  than  to  lixi- 
viate them  with  water;  finally,  there  are  fome 
places  where  the  waters  naturally  containing 
this  •  ferruginous  fait  in  folution  are  evapo- 
rated. It  was  formerly  called  ^vitriol,  green 
vitriol,  martial  vitriol,  Roman  vitriol,  green 
copperas.  This  faline  fubftance,  which  is  of 
great  utility  in  the  arts,  ought  to  be  known 
and  ftudied  with  care. 

87.  The  fiilpbate  of  iron  well  purified  is  of 
a   tranfparent   green   colour,    of  a  very  ftyp- 
tic  and  very  ftrong  tafte;  it  is   frequently  met 
with  in  nature,  and  is  alfo  prepared  in  a  direft 
manner  in  the  laboratories  of   chemiftry ;    its 
mode  of  cryftallization  is  confiderably  varied ; 
its  primitive  form  is  a  pointed  rhomboid,  in 
which  the  acute  angle  at  the  fummit,^  accord- 
ing to  Citizen  Haiiy,  is  70  degrees  50  minutes, 
^nd  the  lateral  angle  100  degrees  10  minutes. 
The  refpeftive  inclinations  of  its  faces  are  98 
degre.es.  37  minutes  on  the  one  hand,  and  81  de- 
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gtees  23  minutes  on  the  other ;  it  aimoil  always 
reddens  the  blue  colours.  When  heated  brifkly, 
it  is  liquefied  by  means  of  its  water  of  cryftal- 
lization,  which  conftitutes  as  much  as  half  its 
weight ;  it  foon  lofes  this  water  and  dries  iiito 
a  grey  powder,  with  which  Digby  formerly 
made  his  .famous  and  ridiculous  fympathetic 
poxvder.  If  heated  more  ftrongly,  it  exhales  ful- 
phureous  acid  gas,  and  affumes  a  red  colour ; 
in  this  ftate  it  was  called  colcothar :  this  ful- 
phate,  ^^hen  calcined  to  rednefs,  is  in  a  great 
meafure  decompofed  ;  it  owes  its  colour  to  the 
iron  highly  oxided,  and  feparated  in  a  great 
meafure  from  the  fulphuric  acid  from  which 
it  takes  away  oxigen,  and  which  it  has  caufed 
to  pafs  into  the  ftate  of  fulphureous  acid.  It 
itill  contains  a  portion  of  iron  in  another  ftate 
than  that  from  which  it  proceeds,  and  which 
I  call  Jiiper-oxigenated  fulphite  of  ironj  in 
orderj  to  diftinguifli  it  from  the  firft,  the  pro-^ 
perties  of  which  it  no  longer  poffeffes;  it  is 
to  its  prefence  that  the  deliquefcence  and  the 
acrimony  of  the  fulphate  calcined  to  rednefs  is 
to  be  attributed. 

88.  Ifj  inftead  of  calcining  and  decompof- 
ing  the  fulphate  of  iron  in  an  open  ^'^ilel,  iii 
a  crucible,  we  perform  the  fame  operation  in  a 
diftilling  apparatus,  and  in  a  good  retort  of 
ftone-w^are  that  can  refift  a  violent  fire,  we  ob- 
tain at  firft  fome  M^ater,  a  little  acid,  which 
:wBs  called  dew  of  vitrioly  when  this  fait  itfetf 
bore  the  Utter  name.  The  receiver  ought  to 
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be  changed   >vhen  this   water   ccafcs  to   pafs, 
ancj-fulphuric   acid  is   then   dilcngaged   more 
and  more  concentrated,  charged  with  Sulphur- 
eous acid,  often  black,  and  fuming  on  accoiuit 
of  the  quantity   of  fulphurcous   acid  which 
ir  1  olds  in  folution.     The  laft  portions  of  acid 
which  are  obtained  only  with  the  aid  of  a  very 
vfolent  firi?,  kept  to  the  white  heiat  for  feveral 
hours,  are  concrete  and  white ;  they  were  for- 
merly defignated  by  the  name  of  glacial  oil 
of  vitriol.     A  German  chemift,  Chriftian  Bern-i 
hardt,  defcribed  in  1755,  the  lingular  properties 
of  a  fuming  fulphuric  acid  of  Northaufen,  a 
fmall  town  m  Lower  Saxony,  where  much  of 
this  acid  was  prepared  by  the  diftillation  of  the 
fulphate   of    iron,    as  is    ftill   done   in  many 
places   in   Germany.'     He  found,    as    well   as 
others,    that  this   fuming  'acid,  diftilled  by  a 
very  gentle  fire,  afforded  a  white  concrete  vola- 
tile acid,    cryftallized,    or   depofitcd  in  crulls 
like  certain  mufli rooms,  which  exhaled  much 
acrid  vapour  in  the  air,  in  which  it'deliquefced 
which  united    with    water,    with    noife,    &c. 
Meyer,  who    quotes  thefe  experiments   in  his 
Effay  upon  qukk4im€y  attributes  the  properties 
of  this  fait  tb  his  hypothetical  principle,  the  aci- 
dum  pingue  or  caujikum.     I  have*  repeated  the 
•cx^rimients  of  Chriftian  Beri^hardt,  and  have 
ol^aincd  exaftly  the  fame  refults,  which  I  have 
defcribed  in  detail  in  the  memoirs  of  the  aca« 
demy  for  178^,  where  I  have  (ho wn  that  the 
concrete  and  cryftallized  acid,  oUji^i^ed  by  the 
diftiilatioiiy  is  ohly  fulphuric  acid  furcharged 
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with  fulphureoiis  acid ;  that  it  loft  a  great  part 
of  the  latter  in  the  air,  and  by  its  union  with 
water ;  that  the  Juming  oil  of  vitriol  of  Saxony 
might  be  prepared,  without  the  neceffity  of 
diftillation,  by  faturating  ful^huric  acid  to 
excefs  with  fulphureous  acid.  When  we 
have  entirely  decompofed  the  fulphate  of  iron 
in  its  diftillation,  an  operation  which  alone  af- 
forded the  ancient  oil  of  vitriol,  before  the 
fulphuric  acid  was  prepared  by  the  combuf* 
tion  of  fulphur,  there  remains  a  red  refiduum 
ftmiliar  to  that  which  is  obtained  by  the  cal- 
cination of  the  fait  in  open  veflels,  and  from 
which  was  feparated  by  lixiviation,  under  the 
name  oi  fal  colcothar^  or  fixed  fait  of  vitriol^  a 
fmall  quantity  of  fuper-oxigenated  fulphate  of 
4ron,  of  which  I  fliall  fooji  fpeak;  whilft  this 
lixiviation  left  a  reel  oxide  of  iron,  which  was 
formerly  called  by  the  improper  name  of  mild 
earth  of  vitriol. 

89«  Sulphate  of  iron,  expofed  to  the  air,  ex- 
periences a  kind  of  alteration  tlie  caufe  of  which 
was  formerly  unknown,  but  which  Scheele  has 
difcbvered.  From  the  green  tranfparent  colour 
which  this  fait  has  when  it  is  pure,  it  becomes  ^ 
yellow,  opaque,  and  pulverulent  at  its  furface. 
Its  folution  in  water,  which  requires  in  the 
cold  only  twice  its  weight  of  this  liquid^  prefents 
the  fame  phenomenon  in  a  ftill  more  marked 
manner;  the  liquor,  which  at  firft  is  of  a  beau- 
tiful tranfparent  green  colour,  becomes  turbid, 
yellow,   precipitates  an  oicide  of  this  colour, 
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and  at  laft  even  beolwnes  red,  thick,  uncryftalliza* 
ble,  when  it  remains  for  a  long  time  expofed  to 
the  air,  and  in  all  cafes  in  which  it  can  abforb 
oxigen.  Thus,  for  example,  the  addition  of 
oxigenated  muriatic  acid,  turns  it  yellow,  and 
immediately  precipitates  it.  The  fulphatjB  of 
iron  prefents  tlie  fame  change  when  it  is  dif-» 
folved  in  aerated  water;  and  Scheele  has  given 
this  procefs  for  afcertaining  and  appreciating 
the  quantity  of  air  contained  in  the  different 
waters,  by  the  proportion  of  precipitate  pro- 
duced in  each  w^ater  at  the  moment  of  the  fo-* 
lution  of  this  fait;  fo -that  the  decompofition 
of  the  fulphate  of  iron,  in  all  its  circumftances, 
is  owing  to  the  abforption  of  oxigen  and  the 
ilronger  oxidation  of  the  metal.  It  then  pwtly 
abandons  the  fulplmric  acid,  and  that  which 
remains  being  ftill  more  oxided,  forms  the  red, 
or  fuper-oxigenated  fulphate  of  iron,  which 
was  formerly  called  the  mother  water  of  vitriol, 
becaufe  its  folution  always  remains  in  a  certain 
quantity  after  the  cryftallization  of  the  green 
fulphate  of  iron.  I  fliall  hereafter  examine  the 
chara6leriftic  and  peculiar  properties  of  this 
fuper-oxigenated  fulphate,^  after  having  ex- 
plained thofe  of  the  ordinary  fulphate. 

90.  The  nitric  acid,  particularly  with  the 
afliftance  of  heat,  changes  the  fulphate  of  iron 
into  fuper-oxigenated  fulphate.  All  the  alka-r 
line  earthy  fubftances  and  alkalis  precipitate 
the  oxide  of  this  fait,  and  decompofe  it.  The 
pure  fixed  alkalis  and  lime  feparate  from  if 
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an  oxide  of  a  deep  green  colliur,  appearing  al- 
moft  black,  and  remaining  of  this  colour  if  it 
be  dried  quickly  in  a  ctefe  veffel :  in  the-  air/ 
or  when  this  precipitate  is  expofed  to  it  in 
a  moift  ftate,  it  reddens  and  grows  yellow  very 
quickly,  the  oxidation  continuing  to  go  on. 
Ammonia  feparates  from  the  green  fulphate  of 
iron  an  oxide  ftill  deeper  coloured  than  that 
precipitated  by  fixed  alkalis,  and  which  pafles 
yet  more  eafily  to  the  ftate  of  bUck  oxide^ 
wheui  it  i$  haftily  dried  in  clofe  veffels.  The 
fulphurets  and  hidro-fulphurets  precipitate  the 
folutiori  of  green  fulphate  of  iron  in  a  blackiili 
fulphurated  or  hidro-fulphurated  oxide. 

91.  Moft  of  the  falts  have  an  a6J:ion  more  or 
lefe  marked  on  the  fulphate  of  iron,  ,by  which 
they  are  at  the  fame  tim^  decompofed.  The 
principle  of  thefe  decompofitions,  almoft  all  of 
which  require  the  agency  of  fire,  depends  on 
the  feparation  of  the  acid  from  the  fulphate  by 
the  caloric.  It  is  thus  that  it  afts  on  the  nitrates 
in  particular.  If  equal  parts  of  nitrate  of  pot- 
afli  and  fulphate  of  iron  be  diftilled  in  a  ftone 
retort,  nitric  acid  is  obtained  at  firft  in  a 
weak  ftate,  aftervrard  in  the  ftate  of  nitrous  acid, 
anJ  then  fulphureous  acid  in  very  fmall  quan^ 
tity.  But  if  we  take  fufed  nitrate  of  pot-afh, 
^nd  fulphate  of  iron  calcined  to  yellownefs,  we 
ihall  have  very  little  of  acid  produft,  confift- 
ing  of  two  liquors,  one  of  which,  of  a  brown- 
red  colour,  approaching  nearly  to  black,  fwims 
on  the  furfacje  pf  the  other,  which  is  heavier 
;   .  -  and 


and  lefs  colouredf    Afterwards  thercJ  paflirt  into 
the  neck  of  the  retort,  and  into  the  tube  fitted 
to  it,  a  wjiite,  concrete,  very  caufttc^  very  de- 
liquefcent  matter,  which  diffolves  in  water  with 
rapidity  and  elFervefcence,  emitting  a  ccmfider- 
able  quantity  of  red  vapour  i  which  combttiei 
with  pot-afh  and  with  foda,  emitting  the  fam0 
vapour,  and  forms  fulphates ;  in  a  word,  whith 
is  fulphuric  acid  rendered  concrete  by  thifc  ni* 
trous  vapour,  or  nitrous  Oxide,  that  fatixrates 
jt.     The  two  red  liquors  are  two  different  ni-^ 
trous  acids,  which  mix  on  agitation,  and  after- 
ward form  but  one  nitrous  acid  of  a  very  deep 
colour.     Bucquet  made  fomc'  (ingular  experi* 
ments  on  this  double  nitrous  produ6l,  yet  little 
known  and  little  examined  by  chemifts,  which 
he  communicated  to  the  academy  of  fciences* 
The  fupernatant  or  lighter  acid,  mixed  with 
fulphuric  acid,  produced  a  briik  efFervefcfence^ 
and  even  a  dangerous  explofion,  as  all  the  ni- 
trous acid  was  inftantly  converted  into  vapoutj 
and  the  fulphuric  acid  affumed  a  concrete  and 
cryftalline  form  by  the  abforption  and  condeti- 
fation  of  the  nitrous  oxide,  which  it  gained 
from  it  in  the  explofion  that  took  place/    The 
perfon  who  made  the  experiment  had  his  face 
and  hands  covered  with  drops  of  acid  ;  and  inr 
flantly  red  and  inflamed  pimples  arofe  on  his 
face,  which  fuppurated  like  the  puftules  of  the 
fniall-pox.     The  two  nitric  acids  obtained  in 
this  experiment  are  feparate  merely  becanfc  the 
^cond,  which  as  the  lighter  and  more  loaded 
^" '       '^        witl» 


with  nitrous  oxide,  fwims  on  the  other,  comes 
over  gradually,  and  collet  floAvly  on  its  fur^* 
face  without  mixing  with  it.  A  fimilar  pheno« 
menon  is  feen  in  weak  fulphuric  acid  poured  on 
concentrate4  fulphuric  acid,  which  it  covers 
without  uniting  with  it;  and  in  the  muriatic  acid 
formed  at  the  bottom  of  watei-  by  the  conden- 
iation  of  the  gas,  which,  for  the  purpofe  of  pre- 
paring this  acid,  is  palfed  through  tubes  reaching 
to  the  bottom  of  the  water.  In  the  latter  experi- 
ment may  be  obferved  a  ftratum  of  water  fatu- 
rated  with  the  acid,  more  denfe  than  the  water 
not  yet  faturated  that  covers  it,  and  from  which 
it  is  very  diftinft.  The  agitation  produced  by 
the  gaSj  which  continues  to  pafs  over  and  to 
rife  higher  in  the  liquor,  in  proportion  as  tiiis 
becomes  f?^turated  from  below  upward,  occa- 
fions  the  two  ftrata  at  length  to  difappear,  as 
it  does  in  the  two  nitrous  acids  that  are  mixed. 
The  refiduum  of  the  diftillation  of  fulphate  of 
iron  and  i;iitrate  of  pot-afh,  is  a  kind  of  ferru- 
ginous fcoria,  from  which  but  very  little  ful- 
phate of  pot-afh  can  be  obtained,  when  the 
mixture  has  been  powerfully  heated.  Much 
more  is  procured  from  it  when  it  has  not  been 
expofed  to  fo  violent  a  fire. 

92.  Muriates,  that  of  foda  in  particular,  are 
decompofed  by  means  of  fulphate  of  iron,  in 
-confcquence  of  the  difcngagement  of  the  ful- 
phuric acid,  which  feparates  the  muriatic  acid 
from  its  bafe.  This  is  one  of  the  means  of  pro- 
(Curing  gafeous  muriatic  acid  very  abundantly. 

Oxigenated 
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Oxigcnated  muriatic  acid  likewife  paffes  overj 
in  confequencc  of  the  a6lion  of  this  acid  ou 
the  oxide  of  iron ;  this  is  the  reafon  why  the 
operation  performed  with  fulphate  of  iron  pro- 
duces an  acid  tinged  yeljow ;  and  at  the  end 
even  a  little  muriate  of  iron  rifes  in  the  ftate  of 
vapour.  Sulphate  of  foda  is  left  in  the  refi- 
duum  :  but  it  is  difficult  to  extra6l,  becaufe  the 
ftrong  heat  employed  in  the  procefs  has  com- 
bined it  with  the  oxide  of  iron  into  a  kind  of 
frit.  Tlie  fuper-oxigenated  muriate  of  pot-aih 
alters  the  nature  of  the  fulphate  of  iron,  and 
makes  it  p^fs  to  the  fuper-oxigenated  or  red 
ftate. 

93.  The  alkaline  phofphates  are  decompofed 
by  the  fulphate  of  iron,  which  they  decom- 
pofe  at  the  fame  time:  phofphate-of  iron  is 
precipitated,  and  alkaline  fulphates  remain  in 
folution.  The  borates,  particularly  common 
borax,  are  decompofed  by  fulphate  of  iron. 
In  the  humid  way  a  ferruginous  borate  is  pre- 
cipitated, and  fulphate  of  foda  remains  dif* 
folved  in  the  fupematant  fluid  :  iu  the  dry  way^ 
and  if  the  experiment  be  made  in  fubKming 
veflels,  boracic  acid  is  obtained,  fublimed  and 
cryftallized  by  means  of  the  water  contained  in 
the  mixture.  It  was  in  fuch  a  procefs  that 
Homberg  discovered  that  fpecies  of  acid  which 
he  fuppofed  to  be  produced  by  the  vitriol,, 
and  named  the  volatile  fiarcoiic  fait  of  vitriol, 
in  confequence  of  this  fuppofition.  The  alka- 
line carbonates,  in  a  liquid  ftate,  decompofe  the 
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fulphate  of  iron,  and  precipitate  carbonate  of 
iron  in  the  form  of  a  grey  powder,  which  dif- 
fers greatly  from  the  precipitate  afforded  by 
pure -alkalis.  We  mull  obferve,  that  all  the. 
fafts.  hitherto  mentioned  refpefting  fulphate  of 
iron,  prove  that  the  oxide  it  contains  is  in  the 
ftate  of  black  oxide,  or  is  charged  with  oxigen 
only  in  the  proportion  of  0,25,  or  0,29. 

94.  In  all  that  precedes  on  the  fubjc6i  of  the 
fulphate  of  iron,  I  have  fhown,  that  this  fait 
abforbs  oxigen  very  greedily;  that  it  takes 
it  from  the  air,  from  aerated  water,  from  nitric 
acid,  from  oxigenated  muriatic  acid,  and  par- 
.  ticularly  by  the  agitation  of  its  folution  in  con- 
ta6l  with  air,  or  by  evaporation  in  open  veflels. 
In  all  thefe  cafes  the  fulphate  of  iron  paffes  to 
the  ftate  of  a  fuper-oxigenated  fait,  of  which 
it  is  important  to  know  the  different  properties* 
This  fuper-oxigenated  fait  is  obtained  by  dif- 
folvingred  oxideof  iron  in  concentrated fulphu- 
ric  acid-  by  means  of  heat :  it  has  been  called 
a  mother^wateri  becaufe  fome  of  it  always  re- 
mains in  the  folution  that  has  formed  cryftals 
of  green-  fulphate  of  iron,  and,  befides  the  red 
colour  which  diftinguifhes  it  from  the  latter,  it 
is  not*  cryftallizable  like  it.  Chemifls  had  al- 
ready obferved  fome  diflFerence  between  the  pro- 
perties of  this  viotker-zvater,  and  thofe  of  the 
green  cryftallized  fulphate  of  iron  :  they  -  had 
mentioned  its  colour,  and  its  thick,  vifcid,  un- 
cryftallizable  nature.  Citizen  Monnet  had  even 
^harafterized   it  by  the  more  advanced  ftate 
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of  the  oxidation  of  the  iron:  Init  iee  arc  in* 

debted  to  Mr.  Prouft^  profeffor  of  cheiniftry  at 

Segovia,  for  a  fufficient  feri^  of  experiments 

on  this  fait,  to  determine  its  dtilinguifhihg  chi* 

ra6i;eriflics.     His  labours,  communicated  to  the 

Rational    Inftitute,  in   Floreal,  year  5^'  leave 

n6thing  to  be  defired.     After  having  t^oUee^^d 

the  principal  circumftances,  in  which  tne  green 

fulphate  is  converted  into  the  red  fulphate.  of 

if  on,  termed,  by  me,  fuper-oxigenated,  whic^b 

circumftances  I  have  noticed  above,  he  ob- 

ferves,  that  there  are  but  ^wo  fulpbates  of  iron; 

that  there  is  no  intermediate  ft^te  between 

thefe  tMo  fpecies ;  that  wlren  tlio  former  pafies 

from  green  to  red  through  different  ftades,  and 

is  not  yet  intirely  changed  into  fuper-oxigta- 

ated  fulphate,  it  is  only  a  mixture  of  the  two  iu 

different  proportions  ;  that  they  may  be  fepa^ 

rated,  and  their  refpedive  quantities  afpertaiued 

by  means  of  alcohol,  which  diflblves  the  fuper* 

oxigenated  without  touch) ng/thefimple  fulphate 

x)f  iron ;  fo  that  in  this  folubility  of  ,the  former 

we  have  the  me^n^  of  obtaining  them  |>erfe6lly 

pure  and  feparate  from  each  other, 

95.  The  fuper-oxigenated  fulphate  of  iroq 
never  yields  cryftals  ;  it  has  a  red  colour ;  it 
depofits  oxide  of  iron  in  the  air,  and  by  the 
a6lion  of  fire  ;  it  has  always  an  excpfs  of  acid ; 
jt  attrafils  moifture  from  the  air  ;  the  iron  which 
faturates  it  contains  in  it  0,48  of  oxigen,  while 
that  of  the  preceding  contains  only  0,27  of 
this  principle ;  it  is  more  foluble  in  water  thaq 

the 


the  fulphate  of  iron ;  it  precipitates  with  the 
earths  an«J  pure  alkalis  a  yellow  or  reddiflx  ox- 
id^,  which  undergoes  no  alteration  *  in  the  air, 
l^ec^ufe  it  can  abforb  no  more  oxigen  from  it ; 
while  that  of  the  green  fulphate  of  iron  eaiily 
abforfas  from  it  the  quantity  neccflary  to  in- 
creafe  the  0,27  of  the  primriple  it  contains^ 
to  the  0;48  which  it  is  capable  of  acquiring* 
Thus  one  pf  the  mod  decifive  characters  of  the 
two  fulphates  of  iron  confifts  in  their  compara^* 
tive  precipitation  by  cauftic  alkalis :  the  fimple, 
or  green,  affords  a  precipitate  formed  of  0,73 
of  irpn,  and  0,27  of  oxigen;  and  the  fuper- 
oxigenated  fulphate  furniflies  one  containing 
0,4S  of  Qxigen,  and  0,52  of  iron.  Another 
very  charafteriftic  property  of  the  fuper-oxi- 
genated  fulphate  of  iron  is,  that  on  adding 
iron  to  its  folution  it  is  decompofcd  :  one  par^ 
of  its  oxigen  feparates  from  it ;  the  other  di- 
vides with  the  additional  iron*  the  oxigen  of 
which  it  contained  a  fuperabundance,  and  the 
folution  returns  to  the  ftate  of  common  ful- 
phate. Mr.  Prouft  anuounces,  that  quickfilvcr, 
zinc,  tin,  and  fcveral  other  metals,  have  the 
fame  property  of  cauling  the  fuper-oxigehated 
fulphate  of  iron  'to  return  to  the  ftate  of  fim- 
ple fulphate:  hidro^fulphurated  water  decom- 
pofes  the  fuper-oxigenated  fulphate  of  iron, 
and  converts  it  into  green  fulphate,  while,  ac- 
cording tp  this  cheitiift,  it  precipitates  the  green 
fulphate  of  iron  only  in  confequeBce  of  the 
portion  of  oxide  of  copper,  wMch  it  fo  fre-* 
quently  contains.  -     • 

96,  Laftly, 
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-  96.  Laftly,  two  other  properties,  obferved 
by  the  fame  author,  diftinguifli  and  effentially 
cliaraderize  the  two  fulphates  of  iron  i  and 
though  they  are  taken  from  agents  which 
have  not  hitherto  been  mentioned,  I  fhall  add 
them  here  on  account  of  thefe  two  charafter- 
iftics,  to  render  the  diftiu6liori  of  the  two  ful* 
phates  of  iron  more  complete;  but  previous 
to  refuming  the  fubjeft  more  at  large,  in 
another  feAion,  I  fliall  only  touch  on  them 
here.  Mr.  Prouft  afferts,  that  galls  do  not 
change  the  properties  of  fimple  fulphate  of  iron, 
and  that  they  precipitate  the  yellow  or  fuper- 
oxigenated  fulphate  of  a  very  bright  black:  in 
confequence  of  this,  on  expofing  to  the  air, 
while  it  remains  wet,  any  piece  dyed  with  green 
fulphate  of  iron,  which  has  not  taken  a  black 
colour  in  the  vat,  the  colour  grows  deeper  and 
becomes  black  by  abiorbing  oxigen  from  the 
atmofphere,  as  ink  itfelf  does  according  to  uni- 
form obfervation. 

Profeffor  Proufl  has  found  likewife,  that  the 
alkaline  pruffiates,  thoroughly  faturated  and 
very  pure,  do  not  change  the  colour  of  fimple 
fulphate  of  iron,  and  that  Pruffian  blue  is  ob- 
tained only  from  thofe  pruffiates  mixed  with 
fuper-oxigenated  fulphate  :  but  that  there  arc 
two  kinds  of  pruffiates  of  iron,  anfwering  to 
the  two  kinds  of  fulphates ;  one  white,  with  the 
iron  of  0,27  of  oxigen;  the  other  blue,  with 
the  iron  of  0,48.  of  this  principle.  Accord- 
ingly, the  white  pruffiate  of  iron,  which  is 
obtained  by  pouring  a  folution  of  pruffiate  of 
, .  pot-alh 
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pot-afli  into: a.  folution  of  green  fulphate  of 
iron,  pafles  gradually  to  the  ftate  of  blue,  pruf* 
fiate,  by  expofure  to  the  air  while  it  is  yet 
moift,  or  by  the  addition  of  oxigehated  muri- 
atic acid.  Mr.  Prouft  further  generalizes  and 
extends  the  hiftory  of  thefe-two  fpecies  of  ful- 
phate and  pruffiate  of  iron  to  feveral  other 
combinations  of  acids  with  the  oxide  of  this 
inetal,  and  particularly  to  that  of  the  nitric  and 
muriatic  acids. 

97*  The  aftion  of  fulphureous  acid  on  iron  is 
one  of  thofe  which  the  modern  chemifts  have 
moft  accurately  traced  and  appreciated  in  the 
hiftory  of  metallic  fulphites.  Citizen  Berthol- 
let  was  the  firft  who  perceived  that  this  acid 
was  decompofed  by  iron,  and  that  the  portion 
of  fulphur  feparated  from  the  oxigen  by  the 
metal  remained  in  combination  with  the  fait 
formed,  from  which  it  might  be  precipitated  by 
means. of  the  fulphuric  acid.  The  phenomena 
of  the  combination  of  iron  with  the  fulphure- 
ous acid  have  much  occupied  the  attention  of 
Citizen  Vayquelin  and  myfelf,  in  our  refearqhes 
oa  this  fubjedl:  and  while  we  have  .ponfirmed 
what  Citizen  Berthollet  had  already  announced 
before  us,  we  have  added  fome  fafts,  which, 
compared  with  thofe  afforded  us  by  feveral 
other  metallic  fubftances,  have  allowed  us  to 
generalize  the  properties  of  a  great  ntxmber  of 
metallic  fulphites,  and  in  confequence.to  offer 
a  hiftory  of  them  more  complete  than  tfaer&rft: 
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the  oxide  of  nianganefe  does ;  which  prove*, 
tibat  iron  has  a  ftronger  attraction  for  oxigen, 
than  fulphureous  acid  has.  Accordingly  iron 
has  been  feen  to  decompofe  fulphuric  acid,  and 
convert  part  of  it  into  fulphureous  acid  ;  nay 
more,  to  decompofe  this  acid,  avid  feparate 
from  it  fulphur,  by  which  the  oxide  of  iron  is 
a  little  fixed  in  its^  combination  with  this  ac^id, 
fince  the  fulphurated  Ailphite  ts  lefs  alterable 
by  the  air  than  the  fimple  fulphite  is.  It  is  to 
be  obferved  likewife,  that  the  fulphites  of  iron, 
whether  fimple  or  fulphurated,  yield  no  black 
with  galls,  or  blue  with  prufliate  of  pot-aih ; 
and  that  hence  there  can  be  no  room  to  doubt, 
that  theoxidi^  of  iron  in  them  is  not  carri^ 
to  To  great  a  degree  of  oxidation  as  in  the 
fuper-oxigenated  fulphate  of  iron^  or  even  as 
in  the  fulphate  of  iron  mixed  with  a  certain 
proportion  of  the  latter.  Caft  iron  yields  no 
hidrogen  gas  pn  heing  diflblved  in  fulphureous 
acid ;  and  this  is  a  mean  of  feparating  from  it 
with  accuracy  the  carburet  of  iron,,,  which  le- 
mains  in  a  black  powder  after  its  folution. 

100.  Iron  decompofes^  nitric  acid  with  great 
energy.  So  much  nitrous  gas  is  ext?afl;ed, 
that  a  very  ftrong  red  vapour  is  formed  in  the 
air  over  the  veffel  in  which  the  operation  is 
performed.  The  effervefcence,  ebullition,  fwel- 
ling  up,  and  froth  are  confiderable.  The  troH 
is  oxidated  to  a  brown  red,  and  remains  in  a, 
dry  powder,  whca  little  nitric  acid  has  been 
poured  on  fine  filings.     This  very  heavy,  and 

very 
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very  concentrated  acid  however  a6ls  much  lefs 
on  this  metal,  than  when  it  is  diluted  with  a 
certain  quantity  of  water,  which  appears  to 
'  be  neceffary  for  the  purpofe  of  diminifhing  the 
aggregation  of  the  molecules  of  the  acid,  and 
favouring  the  a6tion  of  the  iron  upon  them. 
The  ancient  chemifts  ftruck  with  the  rapidity 
of  the  reciprocal  ad;ion  of  thefe  two  fubftances, 
and  folely'  intent  on  procuring  themfelves  a 
Solution  of  iron  in  nitric  acid  more  or  lefs 
faturated,  and  above  all  permanent,  found  the 
means  of  accomplifhing  their  purpofe  by  pilt- 
tihg  Httle  pieces  of  iron  into  weak  nitric  acid, 
and  not  allowing  the  acid  to  be  faturated  with 
it.  Modern  chemifts,  fmce  the  difcovery  of 
the  gafes,  have  thought  lefs  of  producing  a 
nitric  folutiou  of  iron,  than  of  acquiring  from 
their  mutual  a6lion  a  procefs  for!  obtaining 
in  abundaace  that  fpecies  of  oxide  of  azote, 
which  is  known  by  the  name  of  nitrous  gas. 
Many  of  them  have  recommended  this  folution 
for  ddfengaging  this  fpecies  of  ^laftic  fluid; 
.but  the  very  nature  of  the  nitrate  formed  in 
this  procefs,.  its  avidity  for  uja i ting  with  t)xi- 
gen,  aad  the  great  quantity  of  it  which  it  is 
-capable  of  ahforbing,  form  an  infurmountable 
obftade  to  the  fuccefs  of  this  pCroje^t  In  fadl, 
tlie  nitrous  gas  difengaged  in  this  cafe  is  foon 
followed  by  azote  gas,  which  mingles  with  it, 
and  renders  it  extremely  variable ;  fo  that  we 
can  never  depend  on  the  nature  of  this  gas. 
When  the  action  is  the  ftrongeft  poffible,  not 
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only  is  the  azote  feparated  from  the^  oxigeft 
of  the  ?Lcid,  but  alfo  the  water  united  with  it 
is  decompofed;  its  hidrogen  combines  with 
the  azote  of  the  nitric  acid,  and  forms  am- 
tnonia,  as  has  been  feen  in  the  folution  of 
tin.  Accordingly,  when  quick-lime  is  thrown 
into  a  thick  folution,  or  rather  the  magma 
formed  by  iron  and  nitric  acid,  even  after 
having  kept  it  fome  time  in  clofe  veffels,  a 
quantity  of  ammoniac  gas,  more  or  lefs  qonfi- 
derable,  is  extricated. 

10  L  When  weak  nitric  acid  and  pieces  of 
iron  are  employed,  we  obtain  a  folution  of  a 
yellowi(h  green,  which  foori  becQmes  brown; 
moft  frequently  indeed  it  is  of  this  colour: 
and  an  excefs  of  acid  is  always  foiind  in  it 
Stahl  has  remarked  that  on  putting  iron  into 
this  liquid  ferruginous  nitrate,  the  oxide  that 
;Was  diffolved  in  it  is  precipitated,  and  the  iron 
lefs  ftrongly  oxidated  afl'umes  it  place.  On 
leaving  the  nitric  folution  of  iron  expofed  to 
thie  air,  or  on  evaporating  it  over  the  fir^  a 
precipitation  of  red  oxfde  of  iron  takes  place. 
"Often,  when  quickly  evaporated,  it  aflitmesthe 
confiftence  of  a  jelly  of  a  reddiih  colour,  which 
only  in  part  diflblvesin  water,  and  the  greater 
portion  of  which  is  precipitated  We  can  never 
obtain  cryftals  of  it.  On  heating  nitrate  of 
iron  in  a  retort,  there  are  .expelled  frbm  it 
much  red  vapour,  nitrous  gas,  azote  gas,  and 
water.  An  oxide  of  a  very  lively  and  bright 
red  remains.  The  folution  of  this  fait  preci- 
pitated 
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pitated  by  pure  pot-afh  gives  an  oxide  of  a 
bright  brown :  if  more  alkali  than  is  neceflary 
to  effeft  this  precipitation  be  employed,  a  part 
of  the  oxide  re-diffolves,  and  the  liquor  affumes 
a  brown  colour,  much  deeper  than  the  folution 
poffeffed.  Ammonia  forms  in  it  a  precipitate 
of  a  very  deep  colour,  approaching  to  the  black 
oxidej  and  even  pafling  completely  to  this 
ftate,  when  it  is  dried  by  a  fudden  heat  with- 
out being  in  conta6l  with  air.  This  precipi- 
tation has  been  propofed  for  preparing  the 
marital  eMioj^^,  but  fcveral  of  the  proceffes 
defcribed  above  are  infinitely  preferrible,  on 
acicount  of  the  purity  of  the  produft  they 
afford,  and  the  facility  with  which  they  maybe 
performed.  Though  ammonia  produces  a  preci- 
pitate much  more  deeply  coloured  than  the  cauf- 
tic  fixed  alkalis,  and  though  it  approaches  the 
blacknefs  of  the  ethiops,  this  is  becaufe  the  vola- 
tile alkali  is  decompofed,  and  decompofes  the 
oxide,  as.  I  fiiall  lliow  more  at  large,  when  I 
come  to  fpeak  of  the  aftion  of  the  bafes  on 
iron  and  its  oxides. 

102.  A  precipitation,  formerly  confidered  as 
much  more  important  than  any  of  the  pre- 
ceding, was  effe6led  by  pouring  carbonate  of 
pot-a(li  into  the  nitric  folution  of  iron.  Though 
Stahl  has  only  pointed  out  the  phenomenon 
of  the  folution  which  takes  place  in  this  cafe, 
and  though  the  caufe  of  this  folution  remain- 
ed perfeftly  unknown  till  the  difcovery  of 
the  carbonic  acid,  that  chem.ift  recommended 
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this  precipitatien  Tn  phytic,    under  the  name 
of  alkaline  tinBure  of  Jieel.    To  obtain  it,  a 
folution'of  carbonate  of  pot-afli  in  water  was 
poured  into  the  nittic  folution'of  iron:  an  cx- 
cefs  of  the  precipitant  was  added,  and  the  mix- 
ture was  well  fliaken ;  the  precipitate  was  foon 
perceived  to  difeppear,  and  the  liquor  to  af- 
fume    a  deep  and   fine  red  colour.     Authors 
have  differed  refpefting  the  preparation  of  this 
tinfture,    or  alkaline  folution.      While  Stahl, 
advifes  a  well-faturated  nitric  folution  to' be 
taken,  feveral  chemifts  on  the  contrary  would 
have  a  iblution  but  little  loaded  with  iron  era- 
ployed.     It  has  been  found  by  experience,  that 
thi5  folution  fucceeds  better  when  it  is  very 
red;  than  when  it  i§  pale,  or  merely  yellowifli. 
The  true  caufe  of  the  folution  exifting  in  the 
carbonic  acid  difengaged  from  the   alkali,  it 
is  proper  to  choofe  carbonate  of  pot-a(h  well 
faturated,  and  to  dilute  the  mixture  M'ith  a 
certain  quantity  of  water,  which,  by  detaining 
the  acid,   favours  the   foltition  t)f    the  iron. 
This  liquor,  on  being  expofed  to  the  air,  be- 
comes turbid,  Iprecipi rates,  and  lets  fall,  par- 
ticularly by  the  conta6l  of  the  air,  a  confider> 
able  quantity   of  oxide  of  iron  of   a  reddifli- 
yellow    colour,    which    was    formerly   called 
Stahrs  ape7Htive  faffron  of  Jieel.    I  have  ob- 
ferved,  that  the  carbonate  of  ammonia,  em- 
ployed to  decompofe  nitrate  of  iron,  likewife 
diffolves  in  great  abundance  the  oxide  it  fe- 
parates  from  it,  and  fonns  a  tinfture  as  beauti- 
ful 
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ful  as  that  of  Stahl,  which  might  fupplyJts 
place  with  many  advantages  in  th6  praftice  of 
phyfic. 

103.   Nitric  acid  adheres  very  feebly  to  the 
oxide  of  iron,  and  lets  it  fall  very  eafily,  as  I 
have  already  mentioned,  more  than  once.     This 
acid  too  does  not  diffolve  the  greatly  oxidated 
o?^ide  of  iron, .and  is  frequently  employed  in 
chemical   analyfes,    to  burn   iron   completely, 
prevent  it  from  being  foluble,  and  thus  favour 
the  folution  of  other  metallic  pxides,  as  well 
as  their  feparation  from  that  of  iron.     Thus 
Bergman  particularly  has  dire6ied  it^  to  be  em- 
ployed in  the  analyfis  of  feveral  minerals,  efpe- 
cially  of  ftones,    earths,    and  the    refidue  of 
chalybeate  mineral  waters.    Thus  in  the  analyfis 
of  ores^  in  which  iron  is  in  a  very  advanced  ftate 
of  oxidation,  we  are  direfted  to  feparate  the 
foluble  earths,  or  the  other  metallic  oxides,  by 
means  of  nitric  acid,  which  does  not  touch  the 
oxide  of  iron,  but  leaves  it  by  itfelf;  fo  that 
it  may  be  difcovered^  diffolved,  and  its  pro- 
portion known,  by  the  help  of  other  acids,  as 
I  ihall  prefently  fliow.>   Sulphuric  acid  decom- 
pofes  ^the  nitrate  of  iron,  takes   from  it  the 
oxide  of  this  metal,  and  combines  with  it  fo  ajs 
to  form  fuper-oxigenated  fulphate  of  iron.     It 
ii  very  eafy  to  fee,  by  fimple  infpeftion  of  the 
nitric  folution,  that  it  contains  oxide  of  iron' 
highly  oxidated,  and  much  more  burned  than  it 
is  in  the  green  fulphate-  ,  This  is  proved  too  by 
the  adclitioi^  of  galls,  which  immediately  form  a 
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a  black  precipitate  in  this  folution  ;  and  by  that 
of  pruffiate  of  pot-aih,  vvhich  changes  it  into  a 
pure  blue,  the  colour  of  which  it  is  not  necef- 
lary  to  enliven  by  means  of  other  acids :  and  I 
have  already  remarked,  that  ink  and  Pruffian 
blue  do  not  ufually  affume  the  full  intenfity  of 
their  hues,  except  with  highly-oxidated  oxides  of 
iron  ;  and  that,  if  they  have  not  acquired  their 
full  colour,  they   willobtain  it  only   by  the 
.  conta6i;  of  air,  or  by .  help  of  the  oxigenated 
muriatic  acid.     But  fince  the  nitrate  of  iron 
inftantly  gives  either  of  thefe  prodiids,  we  muft 
conclude,  that  the  iron  in  it  is  at  leaft  oxige- 
nated to  the  proportion  of  0,48.     This  is  placed  . 
beyond  the  reach  of  doubt  by  an  obfer-vation, 
which  Citizen  Vauquelin  has  communicated  to 
me,  on  the  fpontaneous  a6lion  of  nitric  acid 
and  oxide  of  iron.     Concentrated  nitric  acid, 
poured  on  oxide  of  iron,  arifing  from  the  de- 
compofition  of  water,  had  been  left  in  conta(i' 
with  it  feveral  months,  without  the  appearance 
of  any  very  decided  action  having  taken  place 
between  them  :  the  nitric  acid,  however,  withr 
out  having  loft  its  acidity,  was  rendered  much 
milder,  and  had  a  very  perceptible  inky  tafte. 
Citizen   Vauquelin   was  much  aftoniflied,   on 
ftirring  the  liquor,  which  was  of  a  brown  colour, 
to  fee  in  it  feveral  large  cryftals,  the  leajft  of 
which    weighed    upwards    of  four   grammes. 
Thefe  cryftals  weie  white  and  tranfparent :  but 
CM),  vie  wing  them  by  refra6lion  they  had  a  flight 
violet  tinge,  and  by  reflection,  they  appeared 
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of  a  pearl  grey,  as  if  there  were  a  little  oxidcj 
of  tin  between  their  laminas :  their  form  was 
that  of  a  fquare  prifm,  terminated  by  a  beveL 

This  nitrate  of  iron  was  very  deliquefcent, 
and  of  a  pungent  and  inky  tafte.  On  throwing 
it  into,  water  it  became  red ;  and-  its  folution 
likewife  had  a  tinge  of  this  colour  :  it  gave  a 
red  precipitate  with  ammonia,  and. with  cati- 
bonate  of  pot-aih:  with  prufliate  of  pot-aih  it 
inftantly  afforded  a  very  beautiful  Pruffian 
blue. 

Thefe  phenomena  prove,  that  nitric  acid  ha» 
an  affinity  with  the  black  oxide  of  iron :  that 
it  unites  with  it  to  faturation,  when  the  teoir 
perature  is  not  too  high:  and  that  this  com- 
bination is  capable  of  a  cryftallization  of  fome 
permanence.  The  oxide  of  iron  is,  neverthe* 
lefs,  at  its  nia.vimitm  of  oxidation  in  it,  fince 
it  is  precipitated  from  it  red  by  ammonia,  and 
by  carbonate  of  pot-a/li,  and  blue  by  pruffiate 
of  pot-afl}. 

104.  NotM'ithftanding  the  brifk  a6lion  that 
takes  place  between  iron  ^nd  nitric  acid,  I  have 
already  mentioned,  that  it  may  be  fo  moderated 
by  adding  a  large  portion  of  water  to  this  acid, 
or  by  mixing  but  very  little  of  it  in  a  large 
quantity  of  water,  that  the  metal  only  paffes 
to  the  ftate  of  black  oxide  ;  and  that  this  was 
a  method,  which  fome  authors  had  employed 
for  preparing  the  martial  ethiops.  'Citizen 
Darcet,  in  a  report  made  to  the  Society  of 
^^dicm^  in  1774,  pointed  out  the, invention 
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of  this  mode  as  due  to  Crdhar^,  at  that  time 
an  apothecary  in  Paris:  and  Dr.  Ingenhouli, 
who,  in   1797,  communicated  it  to  a  druggii/l 
at  Bruffels,  was  no  doubt  ignorant,  that  it  had 
been  pra6lifed  twenty  years  before  in  Parifian 
laboratories.     Frederic  Hoffinann  propoled  to 
employ  nitrate  of  iron  evaporated  to  dfyirefs, 
to  obtain  from  it,  by  diftillation,  fpirit  of  nitr(?^ 
^  it  was  then  called,  in  a  very  Jirong  and 
tery  fuming  date.     It  is  alfo  of  confequence  to 
the  hiftory  of  fcience,  to  remark  here,,  that  the 
folution  of  iron  in  nitric  acid,  gave  occafion 
to  Mayow,  at  the  end  of  the  feventeenth  cen- 
tury, and  to  Hales,  almoft  at  the  beginning  of 
the  eighteenth,  to  make  two  capital  difcoverres, 
which  were  not  productive  among  their  contem- 
poraries, though,    in    fome   meafure,  the  fiift 
gleams  of  that  revolution,  which  chemiftry  wa* 
deilined  to  undergo,  near  a  century  after  the 
former  of  thefe  difcoveries,  by  the  examinatioa 
of  elaftic  fluids.    Mayow  remarked,  ofi  making 
this  folution  in  an  apparatus  fmgularly  analo- 
gous to  that  employed  by  Prieftly  and  Lavoifier 
near  a  hundred  years  after,  that,  notwithftand- 
ing  the  difengagement  of  a  vapour,  a  conden- 
fation  arid  perceptible  diminution  of  the  air  in 
his  apparatus  took  place.     Hales,  on  expodng 
a  fulphure  of  iron,  or  pyrites  of  Smeathon  to 
the  a6tion  of  aqua-fortis,  obtained  a  fluid  which 
became  red    on  mingling  with  tlie  air;    and 
though  he  did  not  actually  diflinguifli  the  iri- 
trous  ga$>  it  is  evident,  that  he  made  the  fiv& 
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difcovery  of  it.  Finally,  fome  modern  chemifts 
have  imagined,  that  iron  oxidated  by  nitric 
acid,  aliumes  the  chara6lers  of  a  peculiar  acid :  ^ 
but  no  precife  fa6l  has  yet  proved  this  affer- 
tion,  and  it  ought  to  be  confidered  only  as  a 
conje6lure. 

105.  Iron,  which  does  not  attack  or  decom- 
pofe  the  muriatic  acid  any  more  than  the  reft  of 
the  :jneta_llic  fubftances,  undergoes,  however^ 
a  great  and  fpeedy  alteration  in  muriatic  acid 
gas,  in  confequence  of  the  water  which  this  gas 
always  holds  in  folution.  The  filings  of  iron 
are*  firft  feen  to  grow  black,  and  then  to  pafs  to 
thcftate  of  reddifh  oxide,  often  moi0ened  with 
fmall  drops  of  green  liquor.  The  gas  increafes 
a  little  in  volume,  and  is  found  mixed  with 
likirogen  gas ;  a  proof  that  the  water  which 
was  dyfolved  in  it,  has  been  decompofed  by  the 
iron.  When  the  muriatic  acid  is  entirely  ab- 
forbed  by  the  oxided  iron,  the  hidrogen  gas, 
produced  by  this  a6lion,  alone  fills  the  jar  in 
which  this  aftion  took  place.  If  at  this  period 
a  little  water  be  let  into  it,  this  aflumes  a  grc^n 
colour,  and  diffolves  muriate  of  iron,  and  black 
oxide  of  this  metal  is  found  at  the  bottom  of 
the  folution.  A  little  muriatic  acid  in  a  large 
quantity  of  water  Angularly  promotes  the  con-, 
verfion  of  iron  into  black  oxide,  and  confe* 
quently,  accelerates  the  formation  of  Lemery'a 
martial  ethiops. 

106.  Liquid  muriatic  acid  attacks  iron,  or 
appears  to  attack  it  fo  much  the  mQx^  rapidly, 
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in  proportion  as  it  is  lefs  denfe,  or  lefs^concen- 
trated.     On  the  firft  contaft  of  thefe  fuWlaiices, 
a  brifk  effervefcence   takes   place  with  much 
tioife.     This  effervefcence  is  produced  by  the 
difengagement  of  a  great  quantity  of  hidrogea 
gas,  proceeding  from  the  water  with  which  the* 
acid   is  mixed  or  dihited.     The  iron,  agitated 
in  the  liquor,  appears  as  a  black  powder  .^  if  it 
contain  carbon,  there  remains  after  its  folutiori, 
a  little  powder  of  very  black  carburet  of  iron. 
Steel  even  leaves  in  this  operation,  when  con^ 
du6led  flowly,  a  fragment,  or  fragments,  light 
and  porous,  of  this  carbonated  compound  :  iti 
propoition  as  the  iron  is  oxided  by  the  water, 
it  diffolves  in  the  acidj  and  compofes  a-  green 
liquor,  which  has  not  the  fine  emerald  ^oidur 
6f  the  fulphate  of  iron,  but  which  is  ^either  more 
pale,  or  approaching  to  yellow.     This'  folution, 
always  acid,  of  a  ftrong   ftyptic  tafte,    is  the 
moft   permanent   folution  of  iron  that  exife: 
it  become:s  leaft  turbid,  and  precipitates  leaft, 
by  any  of  the  oxigenating  proceffcs ;  yet,  if 
left  for  fome  time  in  the  air,  or  ftrongly  heated, 
it   turns   brown,   and  depofits  oxide   of  iron; 
The  moft  careful  evaporation,  and  flbweft  r^ 
frigeratim,  do  not   feparate  cryftals  from  it 
When  it  is  brought  to  a  fimple  confiftence,  i» 
forms  on  cooling  a  fort  of  magma,  in  the  mid^^ 
die  of  which  may  be  perceived  fome  rudiments 
of  flat  needled  cryftals,    which  appear  to  be 
very  deliquefcent.     This  magma  melts  over  a 
gentje  fire,  like  a  kind  of  greafe.     If  it  be 
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beated  for  fome  time,  It  dries,  affuming  a  reddifh 
ruft  colour :  and  muriatic  acid  exhales,  which, 
according  to  the  obfervation  of  Brandt,  carries 
off  with  it' oxide  of  iron.  On  diftilling  the 
thick  muriate  of  iron  in  a  ftone  retort  with  a 
fire  gradually  carried  to  the  utmoft  height,  we 
obtain  at  firft  acidulated  water,-  and  muriatic 
acid  gas,  which,  being  loaded  with  iron,  is 
depofited  in  cryftals  in  the  receiver,  and  adheres 
in  fliining  coloured  lamina?  to  the  fummit  of  the 
retort.  At  the  end  of  the  operation  iron  fub- 
limes  in  black  oxide,  which  cryftallizes  in 
hexahedral  laminae,  fliining  like  poliflied  fteel, 
and  alfo  pofleffing  magnetic  attraftion :  thefe 
lamina  refemble  in  colour,  if  not  in  figure,  the 
iron  of  Vol  vie  and  Mont  d'or.  It  is  unquef- 
tioxiable,  that  the  iron  does  not  become  dif- 
oxided  and  cryflallized  till  it  has  been  reduced 
to  a  ftate  of  vapour,  and  that  oxigenated  mu- 
riatic acid  is  formed  at  the  fame  time.  It  is 
very  remarkable,  that  the  muriate  of  iron, 
wheii  recently  diffolved,  affords  with  all  the 
alkaline  re-agents  in  a  flate  of  purity  a  preci- 
pitate, which  very  eafily  becomes  black  oxide. 
Every  thing  indicates,  that  iron  is  leaft  oxided, 
or  moft  difpofed  to  lofe  its  oxigen,  in  its  com- 
bination with  muriatic  acid. 

107.  This  acid,  however,  attacks  all  the 
oxides  of  this  metal,  even  the  mofl  advanced  ; 
it  is  recommended  by  all  chemifts  for  diffolving 
the  brown  red,  or  yellow  oxides  of  iron  which 
xefift  the  adioB  of  the  other  acids ;  and  froift 
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this  property  it  is  .employed  with  much  advan- 
tage in  tlic  analyfis  of  earths,  ftoties,  the  refidue 
,of^  mineral  waters,  and  incinerated   vegetable 
and   animal  ^ubftances.     Experience  and    ne- 
ceflity  had  taught  this  faO;  to  thofe  who-  were 
in  the  habit  of  working  in  chemical  labomtories, 
long  before  modern  chemifts  had  turned  their 
attention  to  the  aclion   of  the  mu;iiatic  acid, 
and  ftill  more  before  the  caufe  of  this  a6lion  was 
known.     It   was   cuftomary  in  chemical  pro- 
jceflfes,  in  order  to  clean  glafs  veffels  ftaincd 
with  oxide    of  iron,  which  adheres  to  them 
ftrongly,  and  fouls  them  fo  that  they  cannot 
be  employed  for  any  chemical  operation  in  that 
ftate,  to  pour  into  them  a  little  of  what  was 
cMed  fpirit  of  fait  j  inotherVords  fuming  mu- 
riatic acid,  to  ihake  the  veflels  with  this  acid 
in. them,  and  even  heat  them  moderately,  ]^ 
which  means  the  fpots  of  ruft  were  removed. 
Some  years  ago  I  difcovered  the  caufe  of  thi^ 
folubility  of  oxides  of  iron  in  the  muriatic  ftcid. 
Having  poured  this  acid  a  little  concentrated 
pn  brown  oxide  of  iron,  infoluble  in  the  otha 
acids,    and    particularly    incapable    of  being 
attacked   by  that  of  nitre,  1  ^perceived,  that 
joxigeiT^ated  muriatic  acid  was  formed.     It  carea 
appeared  to  me,  that  it  was  formed  fo  poj^.earafelljr 
and  ^undantly,  as  to  propofe  employing  this 
pfocefs  in  cafe  of  oxide_^of  maaganefe  fiebg 
wanting.     In  proportion  as  part  of  the  .mwiriatic 
acid  nfed  pa0es  to  the  ilate  of  exigenated  wof 
^rifttic  acid,  the  difoxided  oxidciof  konjdBfliilrm 
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in  another  portion  of  the  muriatic  acid,  and 
forms  a  red  muriate  of  iron,  different  from  the 
preceding  as  red  fulphate  of  iron  differs  from 
the  green.    -There  is  reafon  to  believe,  that  fome 
analogous  experiment  led  Stahl  into  a  miftake, 
when  he  aiferted,  that  this  iron  converted  the 
muriatic  acid  into  acid  of  nitre ;  as  he  may  have 
been  mifled  by  the  yellow  colour  and  peculiar 
fmell,  which  this  acid  acquires.     The   fuper- 
Qxigenated  muriate  of  iron  thus  formed  yields, 
['    with  alkalis  a  precipitate,  which  can  no  longer 
be  oxided  by  the  air,  at  leaft,  in  any  very  per- 
ceptible manner :  galls  and  the  prufliates  con- 
vert it  inflantly  into  a  deep  black  and  a  rich 
Pruflian  blue, 

108.  The  phofphoric  acid  combines  but  very 
flowly  with  iron:  ultimately,  however,  it  pro- 
mates  its  oxidation,  and  forms  with  its  oxide 
an  infoluble  fait.  It  is  thus,  probably,  that  it 
combines  with  it  in  nature,  and  conftitutes  the 
phofphate  of  iron  which  is  found  in  bog-ores^ 
The  following  is  a  flriking  inftance  of  this  re-, 
ciprocal  aftion  in  ,a  faft  obfer-ved  by  Citizen 
Vauquelin.  This  chemift,  attentively  examin- 
ing fome  very  broad  and  thick  plates  of  iron^ 
applied  on  ,the  bottoms  of  the  walls  Qf  a  much 
frequented  public  arcade,  obferved  at  firft  with 
aftonifhment,  that  thefe  pieces  of  iron,  which 
were  fo  flron^,  had  undergone  a  fmgular  altera- 
tion, particularly  in  the  receffes  of  the  arcade : 
they  were  yellow,  reddilh,  rufly,  fwdlted>  un- 
equal, rough,  increafed  in  bulk,  aiid.becc]^e  fo 
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brittle,  that  the  flighteft  blow^,  or  moft  modetditt 
effortj  was  fufficient  to  break  them,  and  to  re- 
move very  thick  and  large  fragments;  fo  that 
the  bars  placed  to  fupport  and  defend  the  ftones 
againft  the  wheels  of  carriages,  and  other  hard 
bodies^  which  frequently  ftruck  againft  them^ 
were  no  longer  capable  of  refifting  their  preffure, 
or  ^f  anfwering  the  purpofe  for  which  they  were 
defigned.     The  caufe  of  this  great  alteration 
was  foon  perceived  by  Citizen  Vauquelin  to  be 
owing  to  the  nrine,  with  which  thefe   bars  of 
.  iron  were  continually   wet,   in  a  place  where 
people  were  accnftomed  to  flop  on  a  natural  oc- 
cafion*.    To  afcertain    in   what  this  alteration 
confifted,   Citizen  Vauquelin  broke  off  feveral 
of  thefe  pieces,  and  found  them  of  a  red-brown 
colour  within,  of  a  lamellar  grain,  fliining,  and 
as  it  were  fparry,  and  the  numerous  cavities 
obferved  in  them  lined  with  fmall  ihining  cryf- 
tals.N    On  heating  this  rufty  and  cryftalline  iron 
in  a-  crucible  lined  with   charcoal,  it  melted 
pretty  eaiily,  and  afforded  a  homogeneous  but- 
ton, brittle,  of  a  fliiniug   and    metallic  grey 
colour,  and  of  a  very  hard  and  clofe  grain,  ex- 
hibiting with  the  blow-pipe,  and  with  acidsy 
all  the  properties  of  phofphuret  of  iron.     This 
button  weighed  more  than  half  of  the  iron  em- 
ployed :    it   was    covered  with  a  fcoria  of  a 
greenifli  grey  and  fwoln  enamel,  which  \vas  no- 
thing   but  phofphate    qf   lime    vitrified,    and 
coloured  by  oxide  of  iron.     This  altered  metal, 
therefore,  was  nothing  but  phofphate  of  irgn, 
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mixed  with  calcareous  phofphate,  and  fome  other 
falls  and   colouring  matters  proceeding  from 
human  urine.     Charcoal  being  ftrongly  heated 
with  .this  fubftance  reduced  it  to   phofphuret  . 
of  it-on,  by  difoxiding  the  metal,  and  difacidi- 
fying  the  phofphoric  acid. 
. .  This  obfervation  furniflies  three  ufetul  infer* 
ences.    1ft,  iron  fhould  notice  expofed  in  places 
inceffantly    receiving    human   urine ;    at  leaft 
without  being  covered  with  a  very  thick  and 
very  folid  varnifli :  iron  plunged  in  urine  un- 
dergoes the  fame  change.     2dly,  we  fhould  not 
evaporate  phofphoric  acid  in  iron  veffels,  which 
wear  into  holes  by  its  adion.    Sdly,  when  phof^ 
phorus  is  prepared  with  phofphoric  acid,  that 
has  been  evaporated  in  iron  veffels,  or  even  in 
veffels  of  copper,  a  part  of  the  phofphorus  is 
loft   by   uniting  with   one   or   other  of  thefe 
metals  :  and  accordingly  the  refiduum  after  dif- 
tillation  often  contains  globules  of  phofphuret  of 
iron  or  of  copper.  To  the  redu6tion  of  the  metal- 
lic phofphates  into  phofphurets,  when  the  phof- 
phoric acid  employed  contains  much  of  them,  a 
redu6liou  effeded  by  the  charcoal,  it  is  that  the 
coiifiderable  fwelling  of  the  matter  appears  to 
be  owing,  which  is  fo  frequently  detrimental  in 
this  procefs.     Its  immediate  caufe  is  the  abun- 
dance of  carbonic  acid  formed  and  difengaged. 
Phofphate  of  iron  is   like  wife  prepared   by 
{(Ouring  folutions  qf  alkaline  phofphate  into  a 
iplution   of  fulphate,    nitrate,    or   muria^  of 
iron*     In  this  cafe  ^  double  charge  of  bafes 
•  Vfti-.  VI.  U  and 
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and  acids  takes  place.     The  alkali  quits  \he 
phofphoric  acid  for  the  acid  which  holds  the 
iron  in  folution  ;  and  the  oxide  of  this  metal, 
beipg  feparated,    unites   with  the  phofphoric 
acid  :  thus  a  white  precipitate  of  phofphate  of 
iron  is   obtained.     It  has   already   been   feen 
above,  that  this  fait  diffolved  in  fulphuric  acid 
diluted  with  water,  precipitates,  at  the  expira- 
tion of  a  few  hours,  in  a  white  powder,  which 
remains  long  fufpended  in  the  liquor,  and  is 
totally  depofited  only  by  means  of  lime.     It  is 
almoft  fuperfluous  to  add  here,  that  the  phofphate 
of  iron,  in  whatever  manner  prepared,  uniformly 
poffeffes  the  property   of  being  reducible  by 
red-hot  charcoal :  fo  that,  during  their  fufioD, 
through    burning   charcoal,     ores    containing 
phofphate  of  iron  muft  have  this  fait  convei*ted 
into  a  metallic  phofphuret,  which  unites  with  the 
melted  metal,  and  remains  adherent  to  it;  whence 
the  produ<5l,  after  the  finery  procefs,  is  cold- 
fliort  iron,  \i\  confequence  of  the  ferruginous 
phofphuret,  with  which  it  is  more  or  lefs  loaded. 
109.  Liquid  fluoric  acid   attacks  iron  with 
great  violence.  The  brifk  effervefcence  to  which 
it  gives  rife  is  owing  to  the  extrication  of  hi- 
^ragen  gas,  and  the  decompofition  of  water- 
The  folution  has  an  ailringent   and  metallic 
tafte>.  analogous  to  that  of  fulphate  of  iron :  it 
yields  no  cJryftals  by  evaporation^  but  thickens 
inta  a  kind  of  jelly:    if  it  b^  evaporate  to 
dryiiefs,  it  becomes  hard  and  very  folid  :  if  it 
)l0  ilrongly  heated,  its  acid  efcapes,  aod  leavts 


a  fine  red  oxide  of  iron.  Sulphuric  acid  decom- 
^  pofes  it,  and  extricates  its  fluoric  acid.  The  ^ 
oxide  of  iron  diflblves  in  this  acid  likewife, 
and  gives  it,  according  to  Scheele,  an  alumin- 
ous tafte.  The  alkalis  and  earths  precipitate 
the  fluate  of  iron,  and  feparate  from  it  an 
oxide,  which  readily  becomes  black  on  being- 
heated. 

110.  The  botacic  acid  likewife  favours  the  oxi- 
dation of  iron  by  water,  though  very  flowly :   it 
unites  alfo,  though  feebly  with  the  oxide  of  this 
metal.  This  combination,  however,  is  obtained  in 
the  form  of  powder,  on  precipitating  the  folution 
of  fuiphate  of  iron  by  that  of  neutral  borate  of 
foda,  or  borax  to  which  carb6nic  acid  is  added  : 
for  this  fait,  Aaturally  with  an  excefs  of  foda, 
being  employed  in  this  ftate  to  decompofe  me- 
tallic fc^utions,  affords  two  precipitates  mixed  ' 
together,  one  of  oxide  produced  by  the  excefs 
of  foda,  the  other  of  metallic  borate ;  and  if 
Hire  would  obtain  only  the  latter,  it  is  evident/ 
that  we  muft  fir  ft  caufe  the  excefs  of  foda  in  the 
.borax   to  difappeai%     The  other  properties  of 
4he  borate  of  iron  have  not  yet  been  examined* 
llli  The  carbonioacid  eafilv  unite*^  wkh  the 
oxide  ^  of  iron,  a»  has  already  been  feen  in  the  ^ 
hiftoty  of  the  ruft  of  this  metal,  which  is  no- 
/thing  biit  a  carbonate,  fmce  in  proportion  as 
4he' iron  becomes  oxided,  it  readily  abforbs  tlie 
4»rb6nie  acid  of  the  atmofphere.     This  acid, 
^illblved  in  water,  if  pjaced   in  contaft  with 
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iron,  attacks  it  perceptibly,  emits  the  fmell  of 
hidrogen  gas  m  ithout  eftervefcence,  and,  after 
remaining  in  contaft  with  it  a  few  hours,  is 
found  to  bold  a  fufticient  quantity  of  oxide  of 
iron  in  fohition,  to  give  it  a  pungent  and  fome- 
what  ftyptic  tafte.  Lane  and  Rouellci  iirft  dif- 
covered  this  folution,  and  examined  its  proper- 
ties. Bergman,  who  has  given  a  very  accurate 
hiftory  of  it^  has  remarked,  that  M-hen  expofed 
to  the  air  it  becomes  covered  with  a  peliiclcf 
which  exhibits  the  prifmatic  colours  ;  and  that 
it  is  decompofed  by  lime  and  the  alkalis,"  while 
the  alkaline  carbonates  do  not  effeft  its  decojn- 
pofition.  The  carbonate  of  iron,  thus  diffolved/ 
turns  the  fyrup  of  violets  green.  When  the 
liquid  is  evaporated,  the  ferruginous  fait  is  de- 
pofited  in  the  form  of  a  reddilh  ochre. 

Nature  very  frequently  prcfents  us  with  this 
carbonic  folution  of  iron  in  mineral  waters, 
and  of,  the  ferruginous  or  chalybeate  waters 
thefe  are  even  the  moft  abundant.  There  are 
countries  in  which  we  meet  with  them. at  every 
ftep,  as  the  Department  of  AUier,  and  that 
of  Puy-de-D6me,'  in  the  French  Republic.  It 
was  formerly  fuppofed,  that  the  iron  was.fimply 
diffolvedf  in  the  water :  fev^ral  chemical  ^uthoris 
however,  maintained,,  that  the  irou  in  it  wa^ 
dilfolved  by  fulphuric  acid,  though  they  CQuld 
not  demonltrate  its  prefeiice.  ffhe  difcovipry 
of  cai'bonic  acid,  under  it3  firit  name  bfj?.i*erf 
(7/>,  hits  reuioved  ciU  jjifliculties  on.  this  head. 
It  has  been  fou nil,   rtjaf/iron  is  ahnoft  always 
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diffolved  in  waters  by  means  of  this  acid  :  that 
there  are  two  khids  of  chalybeate.  Abaters,  one 
containing  much  carbonic  acid,  the  other  but 
little;  that  thofe  of  the  firft  kind  are  pungent, 
acidulous,  and  fparkling ;  while  the  fecond  does 
not  exhibit  thefe'charatSeriftics  ;  and  that  both 
depoiit  their  carbonate  of  J ron  by  the  conta6l 
of  air,  and  in  proporaon  as  the  .carbonic  acid, 
by  which  their  folutio'n  is  effefted,  evaporates 
from  the  water.  Rouelle,  the  younger,  dif- 
covered.  that  the  natural  fparry  iron,  or  na- 
tive carbonate  of  iron,  diffolved  in  water  im- 
pregnated M^ith  carbonic  acid,  alfo  affords  a 
good  imitation  of  the  chalybeate  mineral  wa- 
ters. At  prefent  thefe  waters  are  fabricated  by 
art,  which  not  only  imitates  the  native  waters, 
but  gives  them-at  pleafure  fuch  a  degree  of 
mildnefs  or  ftrength,  as  anfwers  the  intention 
of  the  prefcriber;  fo  that  this  produ6lion  of 
art  is  employed  in  difeafes  with  as  much  utility 
as  the  native  chalybeate  waters. 

1 12.  In  my  inquiries  concerning  the  ruji  of 
iroUy  and  the  aperient  faftVon  of  Heel,  inferted 
in  the.  Collection  of  Chemical  Memoirs,  Mdiich 
1  piiblilhed  in  ITS*,  I  ihowed,  that  on  diftil- 
ling  thefe  compounds  made  by  means  of  the  air, 
caiH^onjc  acid  gas  and  a  little  water  were  ob- 
tained ;  that  they  were  then  found  to  be  con- 
verted into  black  pxide  of  iron ;  that  on  expo- 
ling  cauftic  fix^d  alkalis  to  the  vapour,  which 
was  difengaged  during  this  decompofition  by 
p)eans  of  heat,  they  weie  cryftaUized  by  being 
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converted  into  carbonates ;  that  the  feme  ruft, 
diftilled  with  muriate  of  ammonia,  afforded  am^ 

• 

moniacal  carbonate ;  that  therefore  it  was  arti-^ 
ficial  carbonate  of  irojii,  abfolutely  of  the  fame 
nature  as  what  had  been  called  fpathofe  iron^ 
or  white  iron  ore  ;  and  that  tliis  explained  the 
irapid  produ6lion  erf  riift,  which  takes  place  from 
the  contaft  of  moift  air,  particularly  in  places 
where  there* is  at  the  fame  time  much  carbonic 
acid,  as  ftables,  cow-houfes,  and  priviefi,  as 
well  as  the  deep  corrofiojl  of  the  largeft  and 
thickeft  pieces  of  iron. 

113.  The  a6lion  of  the  metallic  acids  On  ifoo, 
and  the  compounds  which  they  form  with  its 
oxide,  have  not  yet  been  examined,  or  at  lead 
pot  with  fufficient  care  and  precifion,  to  obtain 
a  proper  knowledge  of  them.  Scarcely  any 
thing  has  been  added  to  the  firftfafls  refpedUog 
thefe  combinations  obferyed  by  Scheele.  A<>"» 
cording  to  this  celebrated  chemift,  iron  is  afcr 
tacked  when  digefted  with  arftnical  acid,  and 
at  length  the  whole  folution  affutnes  the  fornj 
of  a  jelly.  If  the  digeftion  be  made  in  a 
,clofed  matrafs,  fo  that  no  air  fhall  enter  into  it, 
the  folution  does  not  coagulate.  On  expoiing 
it  to  the  open  air  for  a  few  hours,  its  fur? 
face  becomes  fo  folid,  that  the  matrafs  ipay  be 
invelted  without  any  part  falling  out;.  The 
folution,  not  coagulated,  yielded  with  pot-afli 
a  greenifli-grey  precipitate,  from  which  arfenir 
pus  acid  was  difen^aged  by  the  aci^on  of  fire. 
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arid  which  left  at  the  bottom  of  the  retort  a 
red  oxide  of  iron, 

':  One  part  of  iron  filings  having  been  treated 
by  diftrilation  with  four  parts  of  concrete  arfe^ 
.  Bic  acid,  the  mixture  fwelled  up  and  took  fire ; 
Hietallic  arfenic  was  fubliuied;  and  fpots  of  a 
;^ilow  brown  were  difperfed  over  the  infide  of 
the  retort  We  fee  here,  that  the  iron  powerr 
fuMy  attraded  the  oxigen  from  the  arfenic 
acid,  and  condenfed  it  more  than  it  was  in  that 
acid.  The  arfenic  acid  does  not  precipitate 
iron  from  the  folutions  defcribed  above ;  but 
the  arfeniates  and  arfenites  feparate!  it  in  s^ 
powder  of  very  little  folubility,  which  becomes 
yelloM'ifh  or  reddifli  by  the  contafl:  of  ain 
This,  precipitate,  fufible  by  a  ftrong  heat,  ex- 
hali^s  the  fmell  of  fublimed  arfenic  when  it 
\%  melted;  is  changed  into  a  black  fcoria, 
when  treated  with  charcoal,  lets  a  confidera- 
ble  quantity  of  arfenic  evaporate;  and  is  re- 
duced to  the  ftate  of  black  oxide  of  iron,  very 
llrongly  att rafted  by  the  magnet. 

114.  The  tungiiic  acid  acts  very  little  direftly, 
ftnd  without  heat,  upon  iron.  This  metal, 
plunged  into  a*  folution  of  tungftic  acid  hy  the 
iD^riHtic,  gives  it  a  fine  blue  colour,  aiifing 
irom  the  decompofition  of  the  tungftic  acid, 
and  its  eonveifion  into  tungften  by  the  iron. 
The  tungftic  acid  precipitates  fulphate  of  iroa 
in  the  ftate  of  a  white  ferruginous  tungftate. 
WolfraJP,we  JcnoW;  is  a  native  tungftate  of  iron : 

and 
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and  the  artificial  tungftate  of  iron  poffefles  the 
properties  of  this  ore. 

115.  Scheele  has  faid  fcarcely  any  thing  of 
the  combination  of  molybdic  acid  with  iron. 
He  has  fimply  announced,  that  the  foluble 
alkaline  molybdates  formed  with  the  ferrugi- 
nous falts  a  brown  precipitate;  and  that  the 
folution  of  molybdic  acid  became  blue,  when 
metals  difpofed  to  convert  it  into  a  metallic 
ftate  were  put  into  it. 

116.  Though  Citizen  Vauquelin,  in  hi&  two 
memoirs  on  chrome,  and  the  chromic  acid,  has 
not  fpoken  particularly  of  the  adion  of  this 
acid  on  iron,  it  is  eafy  to  conceive,  from  the 
great  difpofition  it  has  to  lofe  the  acidifying 
portion  of  oxigen,  and  to  return  from  the  ftate 
of  an  drange-coloured  acid  to  that  of  a  green 
oxide,  that  iron  plunged  into  its  folution  muft 
produce  this  effe6l.  The  chromic  acid  unites 
with  the  oxide  of  iron  without  decompofition, 
by  pouring  into  a  folution  of  this  oxide  by 
any  acid  whatever,  a  folution  of  an  alkaline 
chromate ;  when  we  immediately  obtain  a  pre- 
cipitate of  chromate  of  iron  which  is  of  a 
brown  colour  if  the  ferruginous  folution  were 
fuper-oxigenated.  In  the  oppofite  cafe  the 
precipitate  is  green,  becaufe  the  chromic  acid 
yielding  fome  of  its  oxigen  to  the  iron,  which 
was  not  faturated  with  it,  paiTes  to  the  ftate  of 
green  oxide, 

I.  ji3ion 


!•  ABion  on  the  Bafts  and  on  the  Salts. 

IIT.  Iron  in  a  metallic  ftate  has  but  a  very  . 
feeble  ad;ion  on  the  earths  and  alkalis:  the 
Matter,  however,  in  a  cauftic  and  concentrated 
ftate,  favour  the  decompofition  of  water  by 
iron,  fmce  we  find  hidrogen  gas  evolved,  and 
fince  the  metal  at  the  bottom  of  the  liquors 
foon  affumes  the  very  diftinguifliable  ftate ^of 
Wack  oxide,  or  martial  ethiops.  Notwith- 
ftanding,  there  is  fcarcety  ^ny  perceptible  fola* 
tion  of  the^  oxide  of  iron  thus  formed  in  the 
alkaline  liquors,  which  accelerated  its  foima- 
tidn :  by  long  conta6l  with  the  air  they  let  fall 
only  a  flight  portion  of  a  yellowifli  powder, 
^hich  rather  coats  the  fides  of  the  veiTelthau  " 
forms  a  real  precipitate. 

1 1 8,  The  brown  oxides  of  iron  concrete  with 
the  earths  moiftened  with  water.  This  mixture 
acquires  great  hard nefs  in  time;  and  it  .has 
been  long  obferved,  that  Cements,  into: the 
compofition  of  which  oxide  of  iron  entered, 
wei'e  much  more  folid  and  durable,  than  thofc 
of  which' this  oxide  made  no  part  This  is 
nnqueftionably  the  caufe  of  the  fuccefs  ob- 
tained in  the  preparation  of  cements  and 
mprtar  made  with  puzzolana,  which  are  a 
kind  of  earth  or  fragments  of  volcanic 
productions,  that  have  in  their  compofition 
a  large  quantity  of  oxide  of  iron,  and  make 
very  good    and    very  folid   flrudures   under 
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water.  This  likewife  is  the  reafon  of  the 
utility  of  that  fpecies  of  refiduirra,  ^hich  is 
called  cement  of  the  diftillers  of  aqua  fortis, 
and  is  nothing  but  clay  burned,  and  condenfed 
with  oxide  of  iron;  mixed  with  it  ui  pretty 
large  proportion  by  the  aft  ion  of  fire.  Bricks 
made  with  ferruginous  clay,  and  weU  burned, 
anfwer  the  fame  purpofe. 

1I9»  Another  alteration  in  the  oxides  of 
iron  is  effe^ed  by  cauftic  alkalis,  the  caufe  of 
wliich  was  is  wot  yet  clearly  underftood*  A 
folution  of  cauftic  foda,  or  pot-afli  a  little  con- 
tentrated,  cannot  be  poured  on  red  oxide  of 
iron,  particularly  if  the  reciprocal  a6lion  of 
tbefe  two  fubftanccs  be  aififted  by  heat^  witb» 
out  the  colour  of  the  oxide  tending^  tp  become 
•  black,  and  without  the  oxides  very  perccptit 
bly  approaching  the  metallic  ilate.  The  fame 
pbenoineilon  is  produced  by  barites,  ftrontiao, 
fnd  good  quick-lime,  triturated  with  Water, 
Iffld'  oxide  of  iron ;  the  oxide  becoming  qf  a 
deep  bcown^  and  continuing  in  this  ftate^  with' 
out  being  rendered  yellow  by  the  conta&  of 
air,  as  pure  oxide  of  iron  without  roixture  is. 
In  thefe  procefles  does  any  thing  take  place 
bet\reen  the  oxide  of  iron  and  cauftic  alkalis, 
fimilat  to  what  I  have  obferved  between  tlm 
oxide  and  pure  ammonia?  as  foon  as  thefe 
two  fubftances  are  brought  into  conta^  par- 
ticularly if  their  adion  be  affifted  by  heat^  the 
x)xide  of  iron  lofes  its  red  colour,  and  pafies ' 
to  a  deep  brown,  and  /even  to  a  black  :  in  thJK 


cafe  a  fenfible  efFervefcence  is  produced,  and 
azote  gas  is  evolved,  which  may  be  coUefled 
if  the  experiment  be  performed  with  a  fuffi* 
cient  quantity  of  the  materials.  It  is  very 
evident,  that  here  the  hidrogen  of  the  zm^ 
monia  attacks  the  oxigen  of  the  oxide  of 
iron,  with  which  it  forms  water,  leaving  the 
iron  in  the  ftate  of  black  oxide ;  while  its 
other  principle,  namely  azote,  flies  off  in  an 
^laftic  ftate :  but  we  cannot  affert  the  fame 
thing  of  the  fixed  alkalis,  of  the  nature 
and  compofition  of  which  we  are  igno- 
rant, and  in  which,  as  I  have  elfewhere  fajd, 
even  the  prefence  of  azote  has  not  yet  been 
proved. 

120.  There  is  another  mode  of  combination 
]>etween  the  earthy  bafes  in  particular^  and  the 
',i)xide  of  iron;  which  is  that  of  fufion  by 
means  of  a  more  or  le.fs  powerful  heat.  Th^ 
oxide  of  iron  unites  intimately  with  an  earthy 
alkaline  fubftance ;  fufes  with  it  into  a  glafs, 
to  whicji  it  gives  a  deep  brown,  or  a  duiky 
green  colour,  or  even  almoft  a  black  tinge: 
though  fometimes  the  glafs  is  fimply  greenifli. 
The  colour  of  this  vitrification  varies  indeed 
according  to  the  fl:ate  of  the  oxide  of  iron,  its 
quantity,  the  mixtures  with  which  it  is  com- 
bineds  and  the  degree  and  continuance  of 
the  heat  to  which  it  is  expofed,  Hence  the 
^adesof  a  great  number  of  reds,  browi^,  red 
or  brown  yellows,  bright  or  deep  green,  whiclj 
f^'e  giv^  to  enatnels,  to  the  coatings  of  earthen? 
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vare,  and  porcelain,  or  to  the  different  kinds 
of  glafs  that  are  fabricated,  according  to  the 
ftate  of  the  oxide  of  iron,  that  enters  into 
their  compofttion,  the  proportion  of  it  ufed, 
and  the  degree  of  heat  employed. 

121.  Iron,  like  all  other  metallic  fubftances, 
a£ls  upon  falts  in  confequfence  of  the  a^ion  it 
is.  capable  of  exerting  on  the  acids  they  con- 
tain.. It  is  thus  that  itdecompofes  the  alkaline 
fulphates  by  the  help  of  a  high  :temperature, 
becaufe  it  then  takes  oxigen  from  their  ful- 
phuric  acid,  and  reduces  it  to  the  ftate  of  ful- 
pbur.  1  have  found,  that  by  keeping  in  a  red 
heat  for  an  hour,  in  a  crucible  well  clofed,  one 
part  of  fulphate  of  pot-afli  with  two  parts  of 
fine  iron  filings,  a  fort  of  granulous  fcoria  was 
obtained,  black  and  exhibiting  the  prifmatic 
colours,  fwelled  up,  of  a  deep  green  at  its 
furface,  and  producing  brown  red  fpots  on 
the  crucible  towards  the  upper  part.  This 
fubftance  was  very  hard,  and  very  difficult  to 
cut  with  the  file :  in  fome  interior  cavities  .it  ex- 
hibited bright  hexahedral  laminae  of  black  oxide 
of  iron  :  it  had  an  acrid  and  burning  tafte. 
On  reducing  it  to  powder,  it  exhaled  a  fetid 
fmell  of  fulphurated  hidrogen  gas :.  though  it 
did  not  attraft  the  moifture  of  the  ain  Being 
lixivited  with  ten  parts  of  diftilled  Avater,  it 
afforded  a  green  liquor  of  fo  deep  a  hue,  that 
it  required  more  than  thirty  additional  parts 
of  water,  to  give  it  traufparency.-  This  iwas 
a   folulion  of   hidro-fulphurated    fulphat^  of 
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pot-afb,  containing  a  little  iron,  from  which 
acids  precipitated  fulphur,  and  difengaged  ful- 
phurated  liidrogen  gas,  at  the  fame  time  com- 
pletely deftroying  its  colour,  which  appears  to 
arife  from  hidro-fulphurated  oxide  of  iron. 
The  greater  part  of  the  matter  was  not  diffolv- 
ed  in  the  water,  but  with  muriatic  acid  yielded 
much  fulphurated  hidrogen  gas.  All  the  alka- 
line and  earthy  fulphates  are  capable  of  being 
decompofed  in  the  fame  manner  by  irou 
firongly  heated. 

122.  All  the  nitrates  are  likewife  decompofa- 
ble  by  iron  heated  red  hot,  or  on  being  project- 
ed into  a  red-hot  crucible  when  mixed  with 
this  metal  in  fiiie  filings.  The  nitric  acid  of 
thefe  falts  yields  its  oxigeu  to  the  iron,  which 
afterward  remains  burned,  and  almoft  al- 
ways takes  fire,  and  occafions  the  detona- 
tiou  of  thefe  falts :  the  bafes/of  the  falts  are 
then  mixed  with  the  oxide  of  iron,  which  ad- 
heres to  them  more  or  lefs  ftrongly,  according 
to  their  nature.  The  nitrate  chofen  for  this 
opjeration  is  that  of  pot-aih,  or  common  nitre, 
as  the  moll  plentiful,  and  that  which  fucceeds 
bieft  in  detonations.  Two  or  three  parts  of  this 
lalt  are  accurately  mixed  with  one  part  of  fine 
i^Qi^  filings,  frefli,  and  not  rufty,  in  a  caft-iron 
mortar :  this  mixture  is  thrown  by  a  little  at  a 
time  into  a  crucible,  placed  in  the  mid  ft  of  well- 
bumipg  coals.  At  every  projeftion  a  great 
number  of  brilliant  fparks  arife;  and  accord- 
mgly  a  fimUar  mixture  is  employed  in  fire- 
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parts  of  muriate  of  ammonia,  and  one  part  of 
iron  filings  :  this  mixture  was  fublimed  in  two 
ftpne  jars,  placed  one  upon  the  other;  there 
was  but.very  little  of  the  muriate  of  ammonia 
decompofed,  and  this  fait  was  but  flightly 
tinged  with  yellow  by  a  fmall  portion  of  mu- 
riate of  iron  which  was  formed.  The  lame  me- 
dicine was  prepared  M^ith  oxide  of  iron,  hema- 
tites, &c.  In  feveral  German  pharmacopeias, 
equal  quantities  of  fal  ammoniac  and  oxide  of 
iron  or  iron  filings  were  direfted  to  be  taken : 
and  accordingly,  the  ammoniacal  Jlowers  ob- 
tained were  much  higher  coloured,  than  thofe 
of  which  I  have  fpoken.  They  contained  much 
more  muriate  of  iron,  which,  on  expofure  to 
the  air,  attrafted  its  humidity ,^  and  formed  a 
reddifli  yellow,  thick,  and  very  acrid  liquor, 
veiy  improperly  called  oil  of  Jieel.  Boerhaave^ 
by  applying  alcohol  to  the  ammoniacal  jUmtrt 
ofjicel^  prepared  a  tinSlure  greatly  loaded  with 
iron ;  the  muriate  of  iron  being  very  foluble  in 
alcohol. 

The  red  or  yellow  oxides  of  iron  decompofe 
the  muriate  of  ammonia  much  better  than  iron 
itfelf.  Hence,  on  triturating  thefe  oxides  with 
this  fait,  we  have  a  very  brifk  fmell  of  anuno- 
nia :  but  it  muft  be  obferved,_  that  the  tritura- 
tion developes  caloric,  which  begins  the  dc- 
compofition.  It  has  been  feen  above,  that 
ammonia  decompofes  the  muriate  of  iron  with- 
out heat :  iron  and  its  oxides,  therefor^  decooi- 
pofe  muriate  of  ammo;^ia  pnly  by  t];;ke  help  ^of 
3  an 
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an  increafed  temperature,  and  a  dduble  affinity, 
that  of  oxide  of  iron  for  muriatic  acid,  and 
that  of  ammonia  for  caloric. 

125.  The  fuper-oxigenated  muriates  burn 
iron  with  much  force ;  but  the  aftion  of  fuper- 
oxigenated  muriate  of  pot-afli  alone  on  this 
metal  has  not  yet  been  appreciated.  If  two  parts 

.  of  this  fait  be  mixed  with  one  part  of  very  fine 
iron  filings,  the  mixture  is  made  to  detonate 
ftrongly,  and  with  a  very  bright  red  flame,  by 
a  blowj  or  by  hard  preffure ;  and  it  kindles  with 

_  great  force  on  the  tontaft  of  an  ignited  fub- 
ftance*  This  affords  one  means  of  making  an 
exa6l  analyfis  of  caft  iron  or  of  fteel,  by  coUeft- 
ing  the  elaftic  fluid  produced,  and  the  metallic 
oxide,  which  are  the  refults  of  this  operation. 
The  portion  of  muriate  of  pot-afli  remaining 
after  the  detonation  may  eafily  be  feparated 

.  from  the  oxide  by  wafliing  it.  The  combuflion 
of  iron  and  fteel  by  the  fuper-oxigenated  mu- 

"  riate  of  pot-afh  may  be  hereafter  employed  for 
fire- works,  on  account  of  the  very  brilliant 
flame,  and  the .  beautiful  effefts  of  the  light, 
which  accompany  this  rapid  and  inftantaneous 
combuftion- 

126.  We  know  not  of  any  action  between 
iron  and  the  phofphates,  fluates,  borates,  and 
carbonates,  in  the  moift  way,  and  without  heat. 
This  metal,  however,  is  fo  eafily  oxided,  and 
has  fo  much  energy  for  abforbing  oxigen,  and 
jaturatnig  itfelf  with  it,  that  it  is  not  difficult 
to  conceive  bow  it  may  ruft  very  quickly  in 
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the  air,  when  vetted  with  folutions  of  thefc 
falts.  With  heat,  it  readily  burns  and  com- 
bines into  oxides  wth  fuch  of  thefe  falts  as 
are  more  or  lefs  fufible  aiid  fluxive.  It'  colours 
them  of  a  brown  green,  or  of  deep  and  obfcurc 
hue,  which  afterwards  atteft  its  prefence  in  tlK 
vitreous  globules  obtained  in  making  experi- 
ments of  this  kind  with  the  blow-pipe,  as  is 
cuftomary. 

K,  U/es. 

1J7.  In  what  has  preceded  I  have  already 
pointed  out  a  great  many  of  the  ufes  of  iron. 
In  particular  I  have  Ihown,  that  this  metal,  of 
much  more  real  utility  than  gold  or  filver,  on 
the  one  hand  in  confequence  of  its  abundance, 
on  the  other  on  account  of  its  numerous  pro- 
perties, has  the  incalculable  as  well  as  fingnlar 
advantage  over  all  others,  of  being  capable  of 
exifting  in  a  number  of  different  dates,  and 
of  pofleffing  qualities  that  render  it  of  inefti- 
mable  value  in  each  of  thefe.  In  the  beginning 
of  its  hiftory  I  have  infifted  upon  the  great 
analogy,  which  the  philofopher  finds  between 
the  profperity  of  nations,  the  perfe6lion  of  hu- 
man reafon,  and  the  improved  ftate  of  the 
various  arts  employed  on  iron;  particularly  of 
thofe,  which  confift  in  giving  it  all  the  modi- 
fications of  which  it  is  fufceptible,  of  havin|^ 
it  nearly  as  foft  and  flexible  as  tin  in  one  of  ift 
extremes,  and  in  the  other  fo  hard  and  tcna- 
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cious,  that  it  can  penetrate  any  fubftance,  or 
that  none  can  refift  it.  In  the  latter  ftate  all 
things  feem  to  be  fubjeft  to  its  power  and 
dominion:  it  caufes  their  figurej  their  confift- 
e«cy,  their  texture,  and  their  organization  to 
difappear.  In  the  hands  of  the  man  who  pof- 
leffes  the  knowledge,  that  enables  him  to  give 
if  this  fovereign  power,  it  inceflantly  alters  and 
modifies  every  thing  around  him ;  and  by  this 
alone  we  may  judge,  not  only  what  pre-eminence 
a\'er  all  other  ja,nimals  it  has  conferred  on  the 
human  fpecies,  but  what  progrefs  it  muft  have 
enabled  the  human  underftanding  to  make. 
Ko-w  great ^  the  difference  that  muft  ei^ift  be- 
twten  the  favage  nations  to  whom  it  is  un- 
known, and  the  civilized  people  who  have 
mod  advanced  its  manufa6hire,  and  multiplied 
itssufesl 

-  138.  Though  it  is  now  decidedly^  known, 
that  cobalt  and  nickel  fhare  its  magnetic  pro- 
perty, it  is  flill  the  only  metal  thiat  guides  the 
mariner  in  hi^  voyages  ;  and  it  will  long  retain 
this  prefejence,  on  account  of  its  magnetic 
pbwer,  its  abundance,  the  facility  with  whi^' 
it  is  manufaftured,  and  the  eafe  with  which  wef 
«aii  in  fome  degree  multiply  in  it  this  finguW 
,  property^  Under  this  point  of  view  the  ufes' 
t4  iron  cannot  be  limited,  and  it-is  impofflble 
y*t  tto  foi^efee,  -how  far  they  may  hereafter  ex- 
teiid. 

^1S9.  If  we  Would  generalize  the  iihpt)Ttant 
alld  rium*F0U5 .  ferviccir,  which  ir6h'  in  its  ihe* 
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tallic  form  renders  to  fociety,  we  fliall  fee, 
that  M'hen  caft  it  forms  plates,  flabs,  veffels, 
mortars,  cannon,  cylinders,  the  bodies  of 
pumps,  flys,  wheels,  &c.  from  the  immenfe 
machines,  the  great  movements  of  which  it 
direfts,  down  to  the  flender  nails  fabricated 
in  England,  and  exchanged  for  the  wealtli  of 
India.  From  bridges  of  ample  dimeniions  to 
the  fmall  thin  clalps,  this  fufible  metal,  ftrong, 
hard,  and  almoft  unalterable  in  its  firft  Hate  of 
fufion,  anfwers  a  number  of  purpofes  in  focial 
life.  As  iron  of  every  defcription,  brittle,  tough, 
red-fliort,  cold-fhort,  duftile,  fibrous,  itrfupports 
and  fuftains  a  variety  of  efforts,  fhocksi,  and 
preflTures ;  from  the  vaft  beams  of  large  machines, 
and  the  bars  which  lock  together  and  hold  faft 
the  flones  and  timber  work  of  great  edifices,  to 
the  flender  threads  that  vibrate  under  the  finger 
of  the  mufician,  or  are  ufed  for"  making  me- 
tallic fluffs.  It  aifumes  all  forms,  receives  an 
immenfe  feries  of  modifications  ;  it  is  the  srreat 
mover  of  machines ;  it  feparates,  diflinguifhes, 
and  profefts  our  dwellings ;  it  adorns  our  monu' 
ments;  it  charms  our  ears;  it  is  inceffantljl 
adding  to  the  iuduftry,  power,  and  ei\joyment$ 
of  man  ;  in  fine,  this  metallic  Proteus,  in  the. 
fiate  of  fteel  of  fu<;rh  various  kinds,  is  em- 
ployed for  athoufand  important  ufes,  from  the 
fine  and  delicate  needle,  which  diredts  the  couife 
of  the  navigator,  and  the  exquifite  fpring$r 
thaj^.move  and  regulate  our  watches  and  time- 
kej^jrers;  from  the  powerful  fprings,  on  which 

our 
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our  coaches  hang  and  vibrate,  to  the  ori/dmental 
trinkets  that  ftine  with  fuch  vivid  luftre  and 
high  polilli ;  from  the  beneficial  plough,  that 
furrows  our  foil,  to  the  (imple  knife  employed 
for  cutting  alnioft  all  ordinary  fubftances ;  from 
thofe  mafterly  performances  of  the  engraver, 
which  are  multipled  upon  metals  themfelves  by 
the  prefTure  of  the  coining  engine,  to  the  needle 
of  the  houfewrfe.  With  reafon,  therefore,  is  it 
regarded  as  the  foul  of  all  the  arts  ;  and  it  em- 
ploys millions  of  hands  in  civilized  nations, 
whofe  genius  and  induftry  it  inceflantly  attefts, 
vhile  it  multiplies  their  enjoyments. 

13b.  If  we  confider  its  different  ftatcs  in  the 
bowels  of  the  earth,  w<;  ihall  ftill  behold  it  of  ufe 
jn  various  forms,  almoft  without  any  previous 
preparation.  Here  it  is  dug  up  as  a  magnet, 
jrtiich  is  armed  and  fortified  by  the  affiftaiice 
of  natural  philofophy  :  there  it  is  taken  up 
hard,  quartzofe,  and  bearing  the  name  of  emery, 
to  be  employed,  after  it  has  been  ground  in 
mills,  for  wearing  away  and  poliihing  the 
hardeft  and  moft  refradory  fubftances,  under 
the  hand  and  preffure  of  the  workman. 
Afi^in  we  extract  it  under  the  appearance  of 
earths  of  a  thoufand  different  fhades  of  colour, 
to  enrich  the  painter's  pallet,  and  foon  to  fee 
it  live  and  breathe  on  the  canvas.  In  other 
places  it  is  brought  out  of  the  bowels  of  the 
earth,  to  be  cut  into  red  pencils,  to  be  diluted 
into  durable  mortar,  or  to  decorate  the  walls 
of  our   gardens    \rith  fand   of  various    hues. 

Some, 
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Sometimes  it  is  tak^n  from  the  mountains  with 
.  the  foft,  un6luous,  friable,  fliining,  and  I  would 
fay  at  the  fame  tiijie  almoft  lubricating  proper- 
ties, as  well  as  great  unalterablenefs,  which  are 
percei\^ed  in  the  native  carburet  of  iron,  to 
diminifh  the  fri6lion  of  wheels,  trace  linesy  aii4 
drawings  on  paper,  and  cover  and  prote6l  from 
ruft  implements  of  iron,  either  by  fimply 
rubbing  them  with  its  powder,  or  by  befmear^ 
ing  them,  being  previoufly  warmed,  with  Jikindl 
of  ointment  d^fcribed  by  Homberg  in  1699» 
and  prepared  with  eight  pounds  of  hogs  lard, 
four  ounces  of  camphor,  and  a  fuflScient  quaiif 
tity  of  this  carburet.  In  the  laft  mentioned 
ftate  it  ferves  like  wife  to  blacken  and  fmooth 
the  furface  of  fmall-fliot:^  H  conftitutes  s^mofi 
wholly  the  crucibles  of  Paffau  in  Sa^^ony,  and 
in  part  the  coating  of  razor  ftrops  :  it  f#rves  as 
a  glaze  to  fome  kinds  of  earthenware :  &c, 

131.  In  chemiftry  and  in  phyfic  iron  is  not 
lefs  ufeful.  In  the  preceding  details,  we  have 
feen  all  the  experiments  in  which  it  is  em-' 
ployed,  all  the  producl^s  it  yields,  and  all  the 
phenomena  to  which  it  gives  rife.  Phyficians 
procure  from  it  important  remedies,  and  medi* 
cines  of  great  value  in  the  treatment  of  dif- 
fafesi.  It  is  perhaps,  the  only  metal,  among 
thofe  which  have  any  medicinal  aftion,  that  is 
^ot  tp  be  ranked  in  the  clafs  of  poisons :  it 
pven  feems,  as  I  have  already  mentioned'  to 
have  a  fort  of  analogy  with  the  animal  economy; 
it  Simulates  the  organic  fibres,  j^pfl  increaf^ 

their 
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tlieir  mo\xment$;  it  perceptlbl)'  ftrengtheas 
mufcular  jenergy ;  it  excites  tlie  fecretion  of 
urine ;  it  provokes  the  hemorrhoids  and  men- 
ftrual  evacuation ;  it  imcreafes  and  accelerates 
the  current  of  the  blood  ;  it  enters  into  the 
circulation;  unites  with  the  vital  fluid,  and 
gives  it  more  colour  and  confiftency ;  it  irri- 
tates the  fides  of  the  veffeh  through  which  it  ' 
is  conveyed;  it  has  been  detected  in  the  urine 
of  patients  who  have  ufed  it  for  fome  time ;  it 
contrafts  the  fibres  like  aftringents  ;  it  is  proper 
in  all  difeafes  of  atony  and  languor.  Jt  is  em- 
ployed chiefly  levigated  in  a  black  oxide  in  a 
ftate  of  great  tenuity,  in  artificial  carbomite 
either  dry  or  diffolved  in  water,  in  alkaline 
rnattial  tinfture,  in  amnion iacal  flowers  of  fieel, 
'in  oxide  precipitated,  and  re-diffolved  by  car- 
bonate of  ammonia.  Some  of  its  oxides,  and 
fome  of  its  falts,,  particularly  the  fulphate  and 
muriate  of  iron,  al-e  applied  externally  as  aftriH- 
gents  and  deficcant;s.  In  the  artificial  magnet, 
TO.en  have  even  fought  qualities,  of  which,  how- 
€Ever,  neither  the  caufe  nor  the  real  efFe6ls  are 
y€t  known  It  has  been  pretended,  that  the 
magnet,  applied  to  the  flciijj^  eafed  pain,  quieterf 
convulfions,  excited  rednefs,  and  perfpiratian; 
in  th^  part,  and  even  rendered  epileptic  attacks 
lefs  frequent :  and  it  has  beeh  faid,  that  it  com- 
niunicates  a  purgative  virtue  to  water,  in 
which  it  has  been  fieeped  for  fome  hours. 
Thefe  properties,  however,  appear  to  have  been 
attributed  to  iron  rather   by  an   enthufiafiij 

^  ^imagina- 
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imagination  than  by  accurate  obfcrvation,  par-i 
ticularly  in  difeafes,  which  are  in  t^heir  owu 
nature  variable  and  uncertain, 


Article  5CISJ. 
Of  Copper. 

A.  Hijiory. 

1.  COPPER  is  one  among  the  clafs  of  jn<?t^U 
nioft  anciently  known.  It  appears  to  have  beea 
ufed  by  men  in  the  firft  age  of  the  World:  at 
all  times  it  has  been  one  of  the  moft  eafy  to  w 
traft  and  manufadure  ;  and  its  difcoyery  is  lofl 
ip  the  periods  of  fable.  The  Egyptians  employe4 
it  for  a  variety  of  ufes,  and  made  of  it  ca|| 
figures,  remarkable  for  their  elegant  form,  in 
the  remoteft  times  of  their  hiftory.  The  Greeks 
manufadured  it,  melted  it,  call  it,  and  em-? 
ployed  it  in  various  arts.  With  them  it  madp 
the  bafe  of  the  celebrated  compounds  callec} 
Corinthian  brafs.  The  Romans  likeM'ife  manu* 
faftured  it  in  great  quantity ;  a^^  it  has  even 
been  imaginefl,  that  the  grpatef  number  of  theif 
utenfils  >yrere  always  made  with  this  pietal,  an4 
very  rarely  with  irop.  This  .  circun^fiance  ha^ 
been  urged  as  ^  valid  proof,  that  they  knew 
Ijttle  of  iron,  and  were  unfkilful  in  manufaAur- 
ing  it.  I  have  already  iho\yn  elfe where,  that 
tl}is  ignorance  of  the  arts  of  the  Romans,  aod 

the 
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the  opinion  that  they  ufed  copper  only,  and  not 
iron,  arife  from  their  inftrumehts  arid  machines 
of  iron  having  been  rufted,  pxidcd,  and  gra* 
dually  deftroyed,  in  the  earth  in  which  they 
have  been  buried.  The  compofitions  of  copper 
which  the  Romans  fabricated  after  the  example 
of  the  Egyptians  and  the  Qreeks,  were  fuffi- 
ciently  numerous,  and  dcftined  for  a  variety  of 
purpofes. 

2.  The  alchemifts  have  employed  themfelves 
much  about  copper.  They  called  it  Venus,  on 
account  of  the  great  facility.it  poflfeffes  of  com- 
bining with  many  fubftances,  particularly  with' 
other  metals,  and  becaufe  of  the  fort  of  adul- 
teration it  makes  iri  thefe  compounds.  By  re- 
prefenting  it  by  the  emblem  appropriated  to, 
gold,  terminated  at  bottom  by  the  fign  of  a 
crofs,  they  confidcred  it  ,as  formed  chiefly  of 
gold,  but  difguifed  and  altered  by  Tom ething 
9.crid  or  corrofive,  which  rendered  it  crude. 
According  to  them,  the  feparation  of  this  ror- 
f olive  was  fufficient,  to  obtain  gold  from  it:. 
whence  they  made  a  great  'number  of  trials 
with  this  view  ;  and  feveral  have  boafted,  that 
they  had  fucceeded  in  tranfmuting  it  into  fine- 
gold.  The  colour  of  this  metal,  which  ap- 
proaches neareft  to  gold,  muft  naturally  have 
ftiggefted  the  opinion  they  entfertained  in  this 
refpedt  J  and  it  was  ftrengthened  by'thte  circum- 
ftances  of  a  number  of  metallic  combinations, 
in  which  gold  aflumes  the  colour  of  topper. 
Jhus  the    alchemifts  engaged    in    great  and 

}aboriou3 
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laborious  yefcarcI^cs  concierning  thjs  metal 
^n4  it  was  fFom  their  books,  that  the  firft  fyfte- 
xpatic  writers  on  cbemiftry  derived  t^  iflfor- 
i^ation,  which  they  arranged  in  more  or  lefs 
methodical  order,  as  the  fcience  gradually  arofe. 
3*  \ye  are  no  lefs  indebted  for  the  numerous 
fa£is,  which  they  have  furnifhed  for  explaining 
th<e  properties  of  copper,  to  the  miner alogiiU 
and  metallurgifts,  on  the  one  hand,  whofe  nu- 
merous operations  have  been  of  much  fervice 
to  the  fyftematifts  as  well  as  to  the  pharma-? 
cologiils,  who,  by  feeking  to  javail  them- 
felves  even  of  the  acrimony  of  this  metal,  and 
to  convert  its  venomous  power  into  a  medicinal 
quality,  or  to  enchain  and  moderate  its  corro- 
five  aftivity,  have  defcribed  a  great  many  pro- 
duQ:ions  and  combinations  of  copper.  Here, 
as  in  the  hiftory  of  _moft  other  metals,  the  firft 
and  principal  hiftorians  of  the  fcience  of  che-. 
miftry  have  drawn  fropi  the  triple  fource  of  the  al- 
ch.eniifft,  miners,  and  phyficians,  in  order  to  com- 
pofe  the  whole  of  the  diftinguiihipg  charad;ers 
^nd  different  compounds  of  copper.  Jn  fpite  of 
th^  great  refearches  made  concerning  tlxis  metal^ 
ao^mthor  yet  has  written  ea^  p^ofqffbpti  copper^ 
and  comprifed  the  whole  of  its  properties  in  a 
monographic  treatife. 

4.  Though  in  the  different  periods  of  the 
great  revolution,  which  has  changed  the  face 
of  chemiftry,  we  qarinot  find  any  refearches 
concerning  copper,  which  are  imnjediately  con» 

neded 


weftpd  ^yjth  tlijp  a^nal§  <pf  titiif  revoliitio^  0l[ 
have  fef ved  to  }aiy  ^i^e  fpundatjofls  of  it;  y^ 
this  nietal  holds  a  rs^nj^  SW^ng  thofe  fu]3{iaQoeS| 
of  which  the  properties  ^n^  Visiter  Viftowia,  aj(i^ 
the  modifications  have  been  niore  ^ctuateljf 
determined,  fmce  th^  (jii^bli^mi^fiLl^  yf  t^M^ 
pneumatic  dioftrine.  In  this  clafs  of  prqy 
perties  ^CQumtely  pp^iae^l  by  the  ijiod^rn 
the^iy^  pye  ought  pj^rticulariy  t^  place  its  difr 
ferent  descrees  of  oxidation,  its  folutions  m 
jg^(rids  apd  in  ammonia,  its  precipitates,  fnpm  the 
metallic  ftate  to  its  higheft  degree  of  oxi^atipi^ 
and  its  re4uftion  by  various  proceflfes.  Thf 
Uljiours  o^  Citizens  %rthpUet  and  Guy  ton,  aa4 
thofe  of  JVIK-  Prouft,  have  particularly  cpntri^ 
butqd  to.  the  accurate  knowledige  of  thefe  lafl; 
mentipjied  fa6fa.  The  knowledge  ojf  this  meta| 
is  becoifie  much  mor^  complete,  and  far  mqn 
fiiDple,  fmce  the  exiftence  of  the  .  new  dif- 
coveries.  It  is  not  neceffary  tp  obferye,  t}ia^ 
the  ridiculous  denomination  of  Venus  }ms  beeii 
entirely,  jejedled  from  fcientific  language,  an4 
that  it  is  fcarcely  ufed  except  for  fpme  prepara- 
tions employed  in  the  arts,  into  which  fyftematic 
and  regular  nomenclatures  are  fo  long  before 
they  arrive,  and  fo  late  in  being  adopted. 

•  /        •. 

B.  Phyjical  Properties. 

5.  Coupee;  is  a  very  brilliant,  veiy  ihiniag 

metal,  of  a  rich  appearance,  an^  a  red  or  rofy 

^our,  which  does  not  refemble  that  of  any 

2  other 


other  metallic  fubftance.  tf  gold  have  a  re* 
fcmblance  to  it  in  feme"  corhpdfitions,  it  is  m- 
debted  for  this  to  the  copper  mixed  with  it ; 
and  its  bfightnefe  yields  to  that  of  copper, 
By  which  it  is  far  exceeded  in  this  refpeS, 
Accofdingfy,  'copper  was  efteemed  by  the 
ftlchemifts;  who  difcovered  in  it  a  tinging  qua- 
lity, which  they  highly  valued,  arid  which 
in  reality  afFeds  almoft  all  cotnpofitions  of  pie» 
tals,  as  will  be  feen  beloWt 

6;  The  denfity  of  copper  is  fuch,  that  its 
fpecific  gravity  is  to  that  of  water  as  7,7^8 
to  1,000.  This  gravity,  however  varies;  act 
cording  to  the  flat?  of  the  metal:  when  Iths^s 
only  been  melted  and  caft,  it  is  lefs  than  A^hen 
it  has  been  hammered  and  forged,  in  whiclj 
ftate  it  has  the  gravity  I  have  afligned  it 
above.  On  the  other  hand,  copper  after  hj^ving 
paired  through  the  mill,  and  been  drawn  into 
wire,  or  of  which  the  particles  are  greatly 
compared  together,  has  the  fpecific  gravity  of 
8,878,  which  is  an  increafe  of  about  onq 
fevei^thi;  atid  native  cryftallized  copper  exhi- 
bited to  Citizen  Hatiy  another  mean  gfkvity  of 

7.  The.hardnefi  of  copper  is  pretty  confider- 
able:  it  holds  almoft  the  third  rank  among 
metals  in  this  property,  Wjth:regard  to  its 
elafticity  it  is  nearly  the  fame.  Its  d utility 
ha3:ted  Citizen  Guyt<in  to  place  it  in  the  fixth 
yank  of  metals,  between  tin  and  lead.  It  may 
4,  ,.  be 
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be  t^duce^  into  laminae,  or  leaves  extremely 
thin,  which  the  wind  will  blow  away.  Its 
tenacity  likewife  is  pretty  confiderable :  a  cop- 
per wire  a  tenth  of  an  inch  in  diameter  fupports 
a  weight  ofQ99i  pounds  without  breaking.  Its 
Itrength,  or  refiftance  to  being  broken,  is  efti- 
matcd  by  Wallevius  as  nearly  equal  to  that  of 
iron-  Its  fonorous  quality  is  fuperiour  to  that 
of  iron,  as  n>ay  be  proved  by  .wires  of  the 
two  metals  of  equal  length  and  thicknefs. 

S^  Its  power  of  conducting  caloric  has  not 
been  accurately  afcertained,  though  it  is  known 
to.be  very  great     I  have  mentioned  its  com- 
parative degree  of  expanfibility  under  the  arti- 
cle iron.     It  does  not  nielt  till  it  is  very  red. 
Its  fufibility  has  been  eftimated  by  Mortimer  at 
1450**  of  Fahrenheit's  thermometer :    and  by . 
Citizen  Guy  ton  at  27  degrees  of  thepyrome-^ 
tpr  of.  Wedgwood.     When  it  is  melted,    and, 
caft    into   ingot  moulds,     that    it    may   cool, 
quickly,  it  affumes  a  granulous  and  porous  tex* 
tare,  which  fliows  like  a  kind  of  crumb  (mie):: 
ip,  iU  frafture,  and  is  liable  to  eshibit  many:; 
cavities  and  flaws  in  its  interiour  parts.  If  it.be^ 
cooled  (lowly,  it  yields. cry ftals  in.quadratigu-* 
lar  pyramids,  or  in   o6lahedrons,  which  arife 
from  the  cube,  its  primitive  form.  At  a  tempera- 
ture, above  what  is  required  for  its  fufion,  it 
rifes  in.  vapour,  and  in  a  vifible  fiBobeJ  asVas 
obferved  in  places  where  this  metatis  i-afi:ixtf 
tb^.  l*rgc  way,  amd-  in  the  chimneys  x>ver  rtbci 
ftirnacps.  .  ,-j;,i;    ..;:: 

9,  Copper 


9.  Coppet  is  a  very  good  eonduCldr^  d(^  feleC-^ 
tricity  and  galvanifm ;  but  the  otder  and  kind 
of  its  power  in  this  refp'eft,  coritparetl  wHh 
that  of  other  metallic  fubftances,  has  not  yet 
beta  determined  with  precifioi^.  The  acrid, 
and  fonieU^hat  fetid  fihell,  which  pretty  fe'nfibly 
(>l&ra^ri2!;e»  an^d  diiftihg^friftefii  copper,-  is  *^ell 
knowit  to  every  onci  Wd  are  iM^t-  r^horant,- 
that  fnbWhg  th.6  hand  a  litH:le  while  oh  thfe 
metal  is  fuffkieiit  to  impart  to'  it  l^is  coppery 
ckiotir,  to  whicHfome  other  pheno«iena  of  the 
o*giatt*6f  fmell  have  ev^n  Beeii*  compared,  pftr* 
ticiilaTly  that;  of  a*  cold  ih  the  head.  •  Thli- 
twiacity  arid  communication-  of  fiii'eU  by  the 
flighteft  frrftion,  and  moft  fimple  co»ta6fc' of  the 
ikiii,  *pfoVe,  that  the  copper  wears  away,  and 
attaches  itftif  eafily  to  this  organ  ?^  and  that 
the  air,  which  f otiches  or  furro&ndij  It,  id  in-^ 
oeflantly  diffolving  a  minute  layer  of  it,  which 
it  afStefward  conveys  in  vapour  to  th6  noftril*,- 
and  the  olfaftory  nerves.  Its  rough^  aiid-  dif- 
agreeabl6  tafte  is  equally  known  to  all  m'eny 
as  well  as  its  quality  of  being  poifori<Mis  -drid 
deletedous  to  the  animal  economy.  It  excites- 
vomiting,  and  i^  reje6led  by  all  animalsi 

C,  Natural  Hiflortf. 

>10j  Comtek  is  ^retty^  ^bimdantly  dif{\ifed 
tkroughouti  nature :  G^rmany^  Sweden,  ahd* 
Siberia,  however,  ^re  the  tbrete^  ^SbuDtriete,  whcM- 
it  has  hitherto  been  found  in  the  largeft  ^<fttM4 
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tity,  and  which  furnifh  the  nioft  to  commerce 
and  the  arts.  The  ftates  of  this  metal  in  the 
earth  are  fo  various  iii  their  appearance,  and 
in  their  phyfical  properties,  that  mineralogifts 
have  lingularly  multipled  the  fpecies  of  it: 
fome  have  admitted  fifteen  or  twenty,  thougl 
it  is  difficult  to  reckon  nine  or  ten  reaMv  dif- 
ferent  from  each  other  in  their  nature.  Whdt 
they  have 'taken  for  fpecies  are  only  varieties. 
The  method  which  I  have  laid  down,  and 
hitherto  followed  in  claffing  ores,  will  place  this 
truth  beyond  the  reach  of  doiibt.  Conform- 
'ably  to  this  method  I  fliall  announce  the  <lif- 
fcrcnt  flates  of  native  copper,  of  its  mixtures 
with  metals,  of  its  oxides,  and  of  its  falts. 

11,  Native  copper  is  met  with  pretty  fre- 
quently in  the  interior  parts  of  tile  earth,* 
where  it  is  even  found  very  pure^  It  is  known 
by  its  brilliancy,  its  red  colour,  its  du6lility, 
and  its  fpecific  gravity.  Moft  commonly  its 
furfece  is  of  an  obfcure,  dull,  and  brown  red^ 
on  account  of  the  flight  oxidation  it  has  ex- 
perienced :  fometimes  it  is  found  ihining,  and 
as  if  it  hdoi  been  burnifhed  or  polifhed ;  but 
this  is  itauch  more  rare  than  the  preceding. 
Its  form  is  frequently  cryftalline  and  regular : 
that  of  Siberia  diftinftly  exhibits  the  cu- 
bic figure.  Among  the  principal  varieties 
of  this  form  Citiien  Haijy  has  diftinguiflied 
the  cubo-dodecahedfal  folid,  oi*  cube  with: 
twelve  nwu^gnaial  facets,  which^  if  they  Weref 
pfoiottged  till  th^  met,  wMiid  pfotfude  the 

rhomboidal 
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rhomboidal  dodecahedron.  Native  copper  Is 
often  met  with  in  laminae,  net-work,  octahe- 
drons^ herborizations,  irregular  grains,  filaments, 
fern-leaves,  and  figures  more  or  lefe  refembling 
thofe  of  other  natural  produSions.  The  cop- 
per of  cementation  is  diftinguiflied  likewife^ 
depofited  in  very  flat  laminae,  or  very  thin 
leaves,  formed  of  feveral  fmall  grains  adhering 
to  each  other,  and  feparated  from  a  native 
Iblution  of  fulphate  of  copper  by  iron,  which 
this  folution  has  met  with  in  the  interior  of 
the  earth.  The  places  where  native  copper  is 
moft  frequently  obferved  are  Siberia,  Norberg 
in  Sweden,  Newfol  in  Hungary,  Saint- Bel  near 
Lyons.  Almoft  all  rich  copper-mines  contain  it 

12.  We  yet  know  few  natural  circumftances 
in  which  copper,  is  mixed  with  other  metal, 
particularly  where  its  proportion  is  luch,  that 
the  fpecies  of  compound  may  be  referred  to 
the  hiftory  of  copper  itfelf.  Hitherto  fcarcely 
any  metal  except  gold  and  filver  has  been 
found  thus  united  with  copper :  and  then  the 
quantity  of  thofe  metals  much  exceeding^ that 
of  the  copper,  thefe  fpecimens  belong  more  pro- 
perly to  their  natural  hiftory.  It  may  be  faid 
therefore,  that  we  are  yet  acquainted  with  no 
real  cupreous  compounds,  which  qan  juftly  be 
placed  here. 

13.  Of  native  combinations  of  copper  with 
janmetaliic  combuftible  fubftiances  the  fulphuret 
of  copper  is  the  only  one  yet  exifting.  We  da 
not  accurately  kQow  the;  comparative  nature 

and 
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and  confequently  the  real  differences  and  num* 
ber  of  fpecies  of  fulphureous  copper  ores,  which 
it  is  neceflary  to  admit,  and  to  diftinguifli  from 
each  other.  This  is  owing  to  the  Apparently 
great  variety  of  thefe  ores,  either  in  rffpe6l  of 
the  proportions  of  the  fulphur  and  copper,  or 
o£  the  number  of  other  metals  with  which  they 
are  frequently  combined.  Iron  is  almoft  always 
united  with  them  j  frequently  filver  exifts  in 
them ;  and  fometimes  we  find  in  them  affcnic 
and  antimony.  As  thefe  alfo  confiitute  the 
ores  of  copper  moft  commonly  wrought,  and 
as  miners  diftinguifli  them  from  each  other 
into  a  great  number  of  fpecies,  according  to 
the  quantity  and  kind  of  the  metal  they  yield, 
the  difference  they  require  in  working  thcm^ 
and  the  phenomena  they  exhibit  in  their  pro- 
celTes }  there  hence  arifesan  uncertainty  and 
difference  of  method  among  mineralogifts,  as 
well  as  the  very  various  number  of  thefe  ores 
which  they  liave  adopted.  In  this  vague  and 
^arbitrary  ftate,  upon  which  chemical  analyfis 
does  not  yet  enable  us  pofitively  to  decide, 
I  admit,  with  Citroen  Haiiy,  three  fpecies  of 
native  fulphurct  of  copper,  if  not  yet  well  de- 
termined, at  leaft  very  diftincl  from  each  other ; 
thofe  which  he  has  termed  pyritous  coppe)\  grey 
copper^  tiud  fulphurated  copper.  Their  charac- 
•teriftic  properties  I  lliall  point  out  in  fucceffion, 

14.  The  pyritous  copper  was  called  cupreous 
pyrites,  or  yellow  copper  ores,  by  mineralogifts. 
It  is  generally  confulered  as  copper  with  much 
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iron  mineralized  by  fulphur.  It  was  fo  regarded 
by  Cronftedt,  Bergman,  and  Von  Born,  who 
thus  brought  it  near  to  fulphuret  of  iron, 
with  which  we  know  not  yet  wliether  it  may 
not  be  hereafter  neceifary  to  confound,  the 
pyritous  copper  ore.  On  this  occafion  Citizen 
Haiiy  afks,  whether  this  copper  ore  be  not  a 
fulphuret  of  iron  mixed  witli  copper,  and  whe- 
ther this  latter  metal  do  not  form  in  it  a  real 
triple  combination  with  fulphuf  and  Iron.  Rom6 
de  Lifle,^  one  of  the  moft  able  mineralogifts 
France  ever  produced,  gave  as  the  diftinguifli- 
ing  charaderiftic  of  the  cupreous  pyrites,  its  te- 
trahedral  figure,  which  in  one  of  its  varieties 
exhibited  a  truncation  of  its  four  angles,  or 
their  interceptioi;i  by  as  many  triangular  facets; 
but  this  left  the  tetrahedral  figure  always  very 
perfpicuous.  Citizen  Haiiy  however  obferves, 
that  we  fometimes  find  the  fame  cupreous  py* 
rites  in  the  form  of  a  very  regular  ddlahedroB ; 
and  then,  as  this  form  recurs  in  the  native  ful- 
phuret of  iron,  the  line  of  demarcation  between 
the  two  ores  difappears,  and  their  real  difference 
is  no  longer  eflablifhed.  The  yellow  colour  of 
the  pyritous  copper  is  likewife  an  infufficient 
diftinftion,  fince  it  varies  with  the  quantity  of 
metal.  This  is  the  reafon  why  I  have  adopted 
the  name  of  pyritous  copper,  which  pre-judges 
nothing,  and  which  has  been  given  to  this  ore 
by  Citizen  Haiiy,  on  account  of  tlxe  uncertain 
knowledge  we  yet  have  of  it.  Several  varieties 
of  tlie  pyritous  ore  of  copper  ar©  diflinguifhed 
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on  account  of  their  colour,  the  '/potted  copper 
ore,  the  piacock'^-tail  ore,  &c. 

15.  The  grey  copper  of  the  fame  mineral- 
ogiftis  ^\e  grey  copper  ore  containing  Jilver^  o\ 
even  the  grey  Jilver  ore  of  the  authors  who 
have  preceded  him  in  this  career.  It  is  the. 
fahlertz  of  the  Germans.  All  the  miners  rank 
it  among  the  filver  ores,  on  account  of  the 
quantity  of  this  precious  metal  they  6btain 
from  it  This  ore  varies  fo  much  in  the  pro- 
portions of  the  metal  it  contains,  that  we  might 
clafs  it  indifferently  in  appearance,  though  very 
diftinftly  for  each  variety,  among  thpfe  of  an- 
timony, or  thofe  of  filver.  It  has  fome  gene- 
ral charadlers,^ -however,  which  has:  determined 
nioft  mineralogtfts  to  elafs  it  with  Copper  ores  : 
it  is  of  a  grey  colour,  of  little  brilliancy ,^ 
though  metallic  ;  its  texture  is  f ough  and-  gra* 
nular,  fometimes  pdillied  laminae,  parallel  -to 
the faces'trf^' the  tetrahedron,  ap^'foinid'-iu  tt;-itsi 
powder,  taken  off  ])y  the  file,  is  bletckifh-,  with 
a  red  tinge;  it  has  fometimes  <?xternally  the 
luftre  of  poliHied  fteel ;  frequently,  hoMTver,  it 
is  dull  and  livid.  Rom6  de  Lifle  has  diftinauifh- 
ed  in  it  fifteen  varieties  of  figure,  all  dependent 
on  the  tetrahedron,  which  is  its  primttK'e  form. 
From  the  comparifon  of  fome  modern  analyfes, 
feven  metallic  fubftances  are  found  in  it,  name- 
ly, copper,  filver,  iron,  antimony,  arfenic,  quick- 
filver,  and  gold;  -  united  trith  falphur/  without 
Wkfeniiig  a  littie  aluminc  r  but  there  is  reafoii 
to-telieVe:  thit  'rcioft  of  thefe  metals  are  onlv 
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accidental  or  accefibry  to  the  copper,  the  anti- 
mony, and  the  fulphur,  the  proportions  of 
which  three  have  been  found  moft  unform  in 
the  different  analyiles  compared  with  each  other ; 
fo  that,  as  it  appears,  we  may  confider  it  princi- 
pally as  a  compound  of  thefe  three  fubftancesL 
Mr.  Klaproth  has  found  in  the  grey  copper 
of  Cremnitz  the  following  fubftances  and  pro- 
portions : 

.  Antimony         -        34  *" 

Copper    -         -        SI 

Silver        -         -         14 

Sulphur    -        -         1 1 

Jtqn  ♦         -  3 

There  was  a' lofs  of  fe ven  parts. 
Von  Bom  adds,  that  Mr.  Savarefi  foijud  hi 
it  gold  and  quickfilver. 

M.  Napion  publiflied  in  the  Memoirs  of  the 
Academy  of  Turin,  in  1791,  an.analyfis  of  the 
grey  qopper  of  the  Valley  pf  Lanzo,  from  which 
he  obtained. 

Antimony '    -        36,9 
Coppen  -        £9,3 

Sulphur  -         12,7  . 

Iron  ,     -        12,1 

Arfenic  -  4,0 

Alumine         -  1,1 

Silver'  -        '  0,7       > 

\  The  lofs  was  3,2. 

-  16/  Thc/ulpkurG:t(sd  copper  of  Citizen  Haiiy  i» 
the.vitreous  copper  ore  of  Von  Born,  who  gives 
as  its  charaderiflic  the  containing  only  copper 

'and 


aftd  fulphiir,  dnd  no  iron,  thbugh  Btrgtnati  2^f- 
ferts,  th^t  it  i«  Very  rare  for  h  iiot  to  contain  a 
little.  It  is  gaey,  of  the  colour  of  iron; (lightly 
tinged  red  or  Wue,.  compadl,  yet  capaWe  of 
being  cut^y  a  kjnift.  It  is  affirmed^  that  this 
ore  jufiifiblrin  tlredame^of  a  estndic,  nat\jnth-  , 
ilandmg  the  little  fulphiir  it  contains.  TypniBprn 
adds  to  this  defcriptioh  of :  Walleritis,  that'this 
fulphurated  copper  t»  moft  frequently  fouhd  in 
fingle  pieces  adhering  to  other  fpecies  of  copper 
ore.  It  has  been  fiid  too,  that  this  fulphuret  of 
copper  is  frequently  iii  feparate  o6lahedral  cryf^ 
tajs.  /-  ■      '    '''"..    . .' 

yi.  Though  all  the. other  ore?  of  copper,  of 
which  it  remains  ^or  me  to  fpeak,  equally  con- 
tain this  metal  in  the  ftate  of  oxide,  it  is  liot  as 
pur^.  oxides  of  this  metal,  that  I  ought  to  pre- 
fent  them  in  my  method;  and  to  thisclafs 
of  native  oxides  of  copper  I  can  reft r  only 
two  fpecies ;:  namely,  brown  oxide  of  copper, 
and  green  oxide  of  copper.  The  firft,  which 
Citizen  Haiiy  calls  red  oxidcd  copper^  which  is 
the  red  vitreous  m^e  of  copper,  o^  de  Lifle,  and 
which  Von  Born  djfignates  by  the  name  of  reti? 
carbonate  of  copper^  though  improperly  ;  fmce 
it  diffolves  in  acids  without  effervefcence,  and 
without  yielding^carbonic  acid  gas.  Its  colour 
is  a  red,:moreor  lefe  bjight :  itji  frafture  lamellar 
-:te4^  'Wttb  a-mctailig  Juftreon  the.furface  trf  its 
Umirw*  Itictyft^izefii%fip[ialJ,.briUiant,  jvery 
jeguhf'^octehCdTQrts*  wt^cb-^may  be.  divided  pa- 
.«JleLt&  t|i(5r  fip^S,  of  tetOrlit^Ie  cap.Hlary  fila- 
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m^ntj^  ,of :  fi  fine  jed  ;CoIour.  ,  Sometkja^a  it$  oc* 
tahedrons  are  coated  with;  majacbitf,  of  green 
carbonate  of  copper.  We.  fee  like  wife  feme 
pieces  of  this  ore  of. a.  greyifli  reel,  or  of  a 
blackiili  colour ;  and  this  Md  Ram^  ftc  tifle  to 
imagine,  that  the  grey  viHreotis  ore.. of  copper 
was  only  an  ulteration  of  the  r«d  vitreous  coppcn 
:  18;  The  green  oitide  of  iCoppir,i  which:  CStir 
zen  Haiiy  calls  green  fuper-*6xig«najted  copper,  is 
the  fand  of  this  colour,  M'^iich  Dombcy  brought 
from  Peru-  It  is  niixcd  with  fine  fragments  of 
white,  grey,  and  red;difli:  quartz ;  it  contains 
alfo  muriate  of  foda,  and  it  is  to  this  fait,  de- 
Cprapofed  by  heat,  that  Ave't)wc  the  oxigenated 
muriatic  acid  afforded  by  this  fand^  wheii  dif- 
tilted  in  a  retort.  'When thrown  into  the  ihidft 
of  flame  it  communicates  to  it  a  fine  gi^en 
colour^  It  is-foluble  in  all  the  acids. 
.  19.  The  native  falts  of  copper  may  be  redur 
ced  to  three  very  difiinCi  fpecies;  namely,  the 
fulphate  of  copper,  the  blue  carbonate  of  cop- 
per, and  the  green  carbonate  of  copper.  Hie 
firft  is  diftinguiflied.by  its  figure  of  an  oblique 
angled  parallelepiped,  which  is  the  primitive 
form ;  by  a  bright  blue  colour,  and  a  blueifli 
grey  powder  oft;en  covering  its  furface ;  by  its 
rough  and  aftringent  tafte ;  and  by  its  folubi- 
lity  in  water.  It  is  frequently  found  in  fo- 
lution,  and  this  native  cupreous  fulphuric  VitHxt 
affords  copper,  by  putting  into  it  pieces  of  iroo. 
The  copper  thus  obtained  is  called  copper  of 
cementation.     It  muft  be  (t^bforvddi '  thai:  the 

fulphate 


fulphate  of  copper  and  the  fulphate  of  iron  are 
the  cmly  falts  which  have  a  colour  effential 
to  their  nature. 

120.  The  blue  carbonate  of  copper  is  called, 
in  mofi;  mineralogies,  azure  of  copper^  crjiftals 
of  azure  J  blue  chryfocoUa.  It  has  been  error- 
neoufly  fuppofed  to  be  formed  by  ammonia,  or 
to  be  a  fimple  oxide  of  copper.  Fontana  firft 
difcovered,  that  it  contains  carbonic  acids. 
Pelletier  made  an  accm'ate  analyfis  of  it,  and 
•found  the  following  to  be  its  nature  and  pro- 
portions: 

Pure  copper  from  ^6  to  70 

Carbonic  acid       -         18  to  20 
Oxigcn         -         -  8  to  10' 

Water  -        -     .     2. 

Fire  expels  its  carbonic  acid,  as  the  ftronger 
acids  likewife  do.  All  the  acids,  and  alfo  am- 
monia, diffolve  it  readily :  the  former  change 
it  green,  and  the  ammonia  heightens  the  inteu- 
lity  of  its  blue  colour.  The  cryftals  of  azure 
of  copper  are  too  fmall  to  have  allowed  their 
ftrufture  to  be  examined,  There  is  a  variety  of 
this  blue  carbonate,  which^is  in  the  form  of  an 
efBorefcence,  or  of  a  fimple  earth  :  it  is  called 
mountain  bluCy  or  earthy  blue  copper*  This 
fecond  variety  is  frequently  found  with  fome 
one,  of  thofe  of  the  preceding  fpecies.  To  this 
fpecies  likewife  have  been  referred  the  tur- 
qugifes,  or  blue  foffil  ftones,  which  Keaumur 
has  faid  are  coloured  by  copper;  and  the  Jr- 
,  Vie7iia7i  fione^  which,  Mr.  Kirsvan  informs  us, 
...-.     ....  is 
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is  carbonate^or  fulphate  of  lime, .  to  which  cop^ 
per  has  given  a  blue  colour.  Both  thefe  are  de^ 
prived  of  their  colour  by  the  aftion  of  fire, 
i^hen  it  is  urged  to  a  fufficient  degree. 

21.  The  green  carbonate  of  copper^  orfuper- 
oxigenated  carbonate  of  copper,  very  diftin- 
guifliable  by  its  colour,  exhibits  three  principal 
varieties:  the  earthy^  cziled  mountain  gnen; 
that  which  is  cryftallized  in  fine  brilliant  needles 
very  clofe  together,  and  which  is  called  yf% 
copper ;  and  laftly,  that  which  depofited  in  the 
niannerof  ftalaftites,  and  forms  malachite.  Thefe 
three  varieties  are  nothing  bjit  the  pure  car^ 
bonate  of  copper,  in  which  the  nietal  is  more 
oxided  than  in  the  preceding  ore.  All  three 
differ  only  in  the  circumftances  of  their  forma- 
tion. They  equally  yield  carbonic  acid,  when 
a6led  on  by  fire  or  by  ftronger  acids  :  they  are 
eafily  converted  into  metal  by  charcoal,  or' 
oils,  and  contain  much  copper.  They  likewifc 
affoi'd  fpecimens  more  or  lefs  prized  for  minfra-j 
logical  colleflions, 

D.  j(ffciy  and  Metalliirgy. 

22.  Though  at  firft  fight  it  appears  very  eafy 
to  affay  copper  ores,  or  rather  to  reduce  them, 
in^hedryway,  on  account'of  the  fufibility  of 
this  metal;  this  operation  is,  neverthelefs,  one 
of  thofe,  whicTi  give  the  leaft  accurate  rcfults; 
and,  if  we  would  obtain  a  refult  on  which  we  can 
depend,  it  requires  a  great  number  of  complex 

procefles, 


proceffes^  on  account  of  the  foreign  metals,  of 
which  it  is  important  to  afcertain  the  number, 
nature,  and  proportions;  either  that  we  may 
know  hojv  to  free  the  copper  from  them,  if  they 
be  capable  of  altering  it;  or  how  to  extra^ 
them,  and  derive  from  them  all  the  advantage 
poffible,  if  they  be  metals  much  more  valuable 
than  the  copper  itfelf  But  the  procefs  of  re- 
duction, which  we  have  hitherto  followed,  will 
not  eafily  fupply  us  with  fufficient  informa- 
tion in  this  refped,  either  to  acquaint  us  with 
the  compoiition  of  copper  ores,  or  to  inftrud 
us  in  the  means  of  working  them  with  advan- 
tage. 

23.  In  the  defcription  of  the  proceffes  proper 
for^affaying  ores  of  copper,  fufficient  r^ard 
has  not  been  paid  to  the  difference  of  thefe  ores: 
yet  it.  is  eafy  to  fee,  that  fome  may  afford  re- 
fults  much  more  certain  then  others.  For  in- 
itance,  ores  in  the  ftate  of  oxides  or  carbonates, 
when  they  are  reduced  by  means  of  an  alkaline, 
and  coaly  flux,  yield  almoft  all.  their  copper 
pure  and  without  wafte ;  for  as  they  contain 
neither  fulphur,  nor  for  the  moil  part  any 
other  metallic  fubftance  but  that  which  is  pro- 
per to  them,  and  require  nothing  from  the 
a6lion  of  ^e  flux  and  the  fire  but  the  difengage- 
ment  of  their  volatile  acid^  the  reduction  of 
their  oxide,  and  the  fufion  of  that  portion  of 
earth,  or  of  their  gangue  which  accompanies 
them,  they  are  not  liable  to  undergo  any  kind 
v>f  alteration  from  fuch  a  flux.     Biit  it  is  not 

the 
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the  fame .  with  fulphureous  ores,  of  whatever 
nature  they  may  be  in  other  refpcfts :  for  the 
fulphur   they  contain   unites  eafily    with  the 
alkali  of  the  flux,  and  the  fulphur  thus  formed, 
diffolves.  a  part  of   the  metal   they    contain. 
Hence  arife  two  inconveniences,  whicli   render 
that  knowledge  of  thefe  ores,  whicli  the  pro- 
cefs  of  reduftion  in  the  dry  way  is  capable  of 
affording,  uncertain-  and  inaccurate :    one  is, 
that  the  part  of  the  copper  retained  and'diflblved 
by  the  fulphur,   diminifhes  the.  quantity  of  that 
which  is  obtained,  even  in  a  confiderable  de- 
gree;   becaufe,  as   will    prefently   appear,  the 
quantity  of  the  alkaline  flux  recommended  by 
authors  is  .fufficiently  great  to  diffolve  much 
of  the  metal :  the  other  confifts  in   this,  that 
the  copper  reduced,  retaining  with  it  alnioft  all 
tlie   filver,  which  is   frequently  contained  in 
thefe  ores,  and  exhibiting  it  in  the  fubfequent 
/aflays,  then  indicates  to  the  operator  a  larger 
proportion  of  this  'precious  metal,  than  there 
really  was  in  the  entire  and  original  ore.     In 
fine,  the  reduction  and  fufion  in  the  dry  way 
cannot  ferve  to  afford  an  eflimate  of  the  quan- 
tity of  fulphur,  any  more  than  of  the  foreign 
metals,   antimony  and  iron,   which  are  fo  fre- 
quently found  in  the  grey  or  yellow  fulphureous 
copper  prqs,  and  which  give  a  brittle  and  impure 
coppen     The  defcription  of  the  affay    in  the 
dry   way,  given  by   the  principal   waiters  oh 
docimaflics,  will  prove  thefe  affertions  to  the 
Arleareft  convidiop.  .  •  • 

..•♦  -  24.  To 


2j4>  Te -4n«ikl5  this  aflay, ;  after  tlier  ore  is 
pbftndtfd-atid  T<iaflied,  M^o  ^r0  advjfed  to  fubj^6l 
it  to  'long  ajnd  repeated  roaftings^  in  order  to 
divide  itj  fofteixit,  and  feparate  the  fulphur. 
It  is  then,  to  be  iiifed  with  four  tinies  its  weif^ht 
of  black  flux^-  and  a  little  muriate  of  fQda.  Tlie 
metal  eitrafted,  and  thus  precipitated  it 6  the  bot- 
tom of  the  crucible',  isi.alrafoft  always'more  or  lefs 
fulpharated,  brittle  gi'ty,  o^  at  leaft  of  a  dull 
brown,  and  far  from  being  of  the  fine  red  of 
copper^  We  are,  nevertheldVl. recommended 
to  fufe  it  with'ibur  paits.of  lead,  and  afterwards 
to  pafs  this  mixture  through  the  cupel,  to  ob- 
tain from  it  the  gold  and  filver  it  may  contain, 
to  determine  the  prefence  and  quantity,  of  which 
is  a  particular  object :  but  this  operation  is  very 
difficult,  and  fcarcely  ever  attended  with  com- 
plete fuccefs.  Tillet,  who  was  aware  of  the 
inconveniences  of  this  procefs,  propofed  ano- 
ther flux,  not  capable  of  retaining  the  metal, 
which  was  compofed  of  two  parts  of  pounded 
glafs,  one  part  of  calcined,  borax,  and  an  eighth 
of  charcoal 

25.  What  I  have  faid  of  the  defefts  of  this 
redu^ion  in  the  dry  way,  and  the  extreme 
difference  there  is  between  this  inaccurate^ pro- 
cefs and  a  true  docimaftic  analyfis,  render  a 
defcription  of  the  methods  of  foUition  reqom-^ 
fiieilwi^d- by  Bergman  in  his'Oiflwtatioh  on 
the  humtid  Attalyfis  more  iie^reffary  here,  than 
in  any  othel"  f^ace.  This  kble  cbemiil  has  varied 
Xh&xi  'mtovAin^ti^iUt  Baturi^tlttd  fpeciesi  ^f  the 
' '''  •    .1  ores. 
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ores.  Native  copper  he  has  recommended  te 
be  diffoljed  in  nitric  icid.  The  gold,  if  it 
contain  any^  remains  undiffolved  at  the  bottom 
of  the  menftruum,  in  a  black  powder.  If  it 
contain  filver,  he  dircfts  it  to  be  precipitated 
by  copper,  which,  having  in  ia^  a  ftrongcr 
affinity  for  oxigen  th^^n  filver  has,  immediately 
difoxidates  this  metal,  and  feparates  it  in  a  met 
tallic  powder.  As  to  the  iron,  by  boiling  the 
folution  a  little  longer,  evaporating  it  to  dryt 
nefs,  and  re-diffolving  it,  the  nitrate  of  .copper 
is  taken  up  by  the  water,  while  tlie  oxide  of 
iron  remains  jn  a  red  powder  ^thout  diffolv-. 

26.  The  following  is  the  mode  in  which  he 
directs  fulphurets  of  cgpperto  be  treated.    T^^y 
are  to  be  pulverized,  and  then  boiled  in  five 
parts  of  concentrated   fulphuric   acid.     -Th? 
folution   being  jeyaporated  to  drynefs,  the  re- 
fiduum  is  to  be  waihed  in  hot  water,  till  the 
whole  of  the  metallic  fait  is  taken  up.  .  This 
folution  being  fufficiently  diluted,  a  plate  of 
copper  is  firft  to  be  put  into  it,  which  precipi* 
tates  the  filver  ;  and  then  a  plate  of  very  clear 
iron,, with* which  it  is  boiled,  till  nothing  is 
any  longer  precipitated.     The  copper  thus  prer 
cipitated  is  dried  by  a  gentle  fire,  not  c^pabte 
of  promoting  its   oxidation,  which  wpu|d  ipr 
creafe  its  weight*     If  there  be .^ny ,  reafon  to 
apjJrehend,  tliat  iron  i3  mixed  , with  the  cqpper, 
it  is re^diffolved  in.  nitric, acid,  and  Xhe  opeiar 
tor  proceeds  with  I  this,  ffiiutionini, the  feme 

manner 
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tftannei*  as  is  direSed  for  native  copper.  In 
this  procefs,  Bergman  obferves,  the  fulphur  is 
entirely  diffipated  in  vapour,  in  confequence  of 
the  violent  heat  employed  for  evaporating  the 
fulphuTic  iblution  to  drynefs  ;.  but,  on  the  one 
^band|  the  weight  of  the  fulphur  is  deducible 
from  that  of  the  other  matters  obtained ;  on  the 
otl^r,  a  feparate  folution  may  be  made  of  part 
of  the  fame  ore  in  nitro-mnriatic  acid,  to  fepa- 
rate, colle6l^  and  appreciate  the  fulphur  by 
itf^lf,    .   / 

27.  In  fpcaking  of  ores  in  tl>e  ftate  of  red, 
blue,  or  green  oxide,  which  he  fays  are  very 
conveniently  and  entirely  foluble^  in  the  nitric 
acid,  and  even  in  the  acids  in  geneial,.  he  directs 
the  copper  to  be  prrecipitated  by  iron,  or  by  car- 
bonate of  foda.  In  the  latter  way,  one  hundred 
and  ninety^four  parts  of  precipitate,  according 
to  hijtn,  reprefent  an  hundred  pails  of  copper.  If 
thefe  ores  contain  carbonate  of  lime,  he  advifes 
their  folution  to  be  precipitated  by  an  alkaline 
carbonate^  after  the  metallic  portion  has  been 
feparated  by.prufliate  of  pot-a(h.  The  native 
fulphate  of  copper  ought  to  be  aifayed  by  means 
of  iron.  Laftly,  Bergman  fpeaks  of  a  native 
muriate  of  copper,  of  a  blue  colour  verging  to 
green,  friable,  folubfe  with  efFervefcence  in  ni- 
tric acid,  affording  a  green  folution,  and  preci-r 
pitating  nitrate  of  filver  in  a  white  coagulum.  It 
is  ^rue,  that  he  confounded  the  green  oxide  of 
uranite,  with  muriate  of  copper,  and  we  may 
prefume  that  the  fpecimen  in  the  colle6lion  at 
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Upfal  was  likewife  not  in  reality  muriate  of 
copper. 

28.  The  raetallurgic  operation  ^if6rmed  on 
bres  of  copper,  to  extra6l  from  them -the  pure 
metal,  and  feparate  the  other  metals  united  with 
it,  is  as  difficiilt  to  defcribe  fo  as  to  impart  a 
clear  conception  of  it,  as  it  isl  to  perform.' 
Moft  men  are  eonftantly  benefited  by  the  pro- 
perties of  this  metal,  without  fufpfe6ling  the 
labour  its  extradion  requires^.  After  the  ful- 
phureous  copper  ore,  (^which  is  the  moft  com- 
mQn,  and  the  moft  difficult  to  work)  is  pounded 
and  waflled  with  more  or  lefs  care^  it  is  roafted 
at  firft  in  tlie  open  air,  andalmoft  without  fuel; 
becaufe,  as:  foon  as  thefulphur  ft  contains  is 
once  kindled,  it  continues  to  burn  fpontaneouf- 
ly,  without  requiring  to  be  fed  or  affifted  by 
other  combuftible  matters.  When  the  fire'^oa 
out,  from  the  diminution' of  tlie -quantity  of 
fulphur, .  not,-  as  might  be  fiippofed,' HPromWft 
being  totally  deftroyed,  it  is  roailed  afreflr, 
fuel  being  added,  to  impart  to  it  greater  heat 
than  was  produced  fpontatreouily  fti Its firftroaft- 
ing.  This  fccond  kind  of  roaftmg^is  repeated 
t w i  ce  i  n  f u c ceffion  at  leaft;^  It  -  is  ^  afterwards 
fufed  through  the  coals,  and  this  mctaV  is  called 
matty  becaufe  it  is  not  yet  copper ;  it  has  nei- 
ther its  colour,  fplendor,  grain,  iwr  in  pa:rticular 
its  ductility  :  its  colour  is  browii,-  WaakifB,  or 
deep  red  ;  its  afpeft  is  as  it  were  vkreoiis,  and  its 
texture  very  brittle  :  itis  in'feiSl  theoreVK^fe 
has  yet  loft  only  part  of  its-fiilphur.- '  Tlfe^fVriBW 

which 
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which  it  is  made  to  undergo,  ferves  to  expofc 
frcfh  fnrfaces  of  the  metal,  and  to  favour  the 
additional  roaftings  which  it  ftill  requires.     Ot* 
thefe  fix  or  feven  are  again  given  it  in  fuccefTion, 
more  or  fewer,  according  to  the  nature  of  the 
ore,   its  hardnefs,  and  the  quantity  of  fulphur 
it  contains,  and  then   a  new  fufion  furniflles 
what  is  called  black  copper.     The  matter  now 
begins  to  be  malleable  :  there  ftill  remains  in  it 
however,  a  portion  of  fulphur,  M^hich  is  only  to 
4)6  feparated   by  the  fucceflive  operations,  to 
which  it  is  fubjefted,  for  extra6iing  the  other 
metals  it  contains.     The  copper  is  alloyed  with 
three  times  its  weight  of  lead,  which  is  termed 
refrejhivg  the  copper :  to  this  mixture  the  form 
of  flat, cakes  is  given,  which  are  called  cakes  of 
eliquatioH.      Thefe  are  immediately  placed  on 
two  plates  of  caft  iron,  placed  at  the  top  of  a 
furnace,   and  inclined  to  each   other  fo  as  to 
leave  an  open  gutter  at  the  lower  part.     Bars  of 
iron,  placed  horizontally  on  thefe  plates,  fuppoft 
the  cakes  of  eliquation  in  their  vertical  pofition. 
The  furnace  terminating  in  this  apparatus-, -is 
.  called  the  janiace  of  eliquatioii  :    its  bot-tom 
(lopes  towards  the  front.      The  fire  kindled  in 
it  gradually  heats  the  cakes  of  argentiferous 
copper  alloyed  with  lead :    this  laft  mentioned 
metal,  which  is  fuperabundant,  melts  and  -falls 
in   drops  from  the  groove  of  the  iron  plates 
through  the  coals,  under  which  it  is  colleftcd." 
By  virtue  of  a*  chemical  attraftion,  it  carries 
with  it  the  filver  which  it  tak^es  from  the  cop* 
4  per 
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per,  leaving  that  metal  by  itfelf,  and  tolerably 
pure.      It  is  on  account  of  this  flow  fufion  of 
the  lead  added  to  the  copper  containing  filver, 
that  the  operation  has  received  the  name  of 
tllquation*     The  lead    charged  with  the  iilver 
is  afterward  fubjefted  to  cupellation, ,  to  extra£l 
from  it  this  precious  metal,  as  I  fliall  defcribe 
more  at  large  in  the  hiftory  of  the  latter.     As  to 
the  copper,  which  remains  in  irregular,  foftened, 
ihapelefs,  inflated  niafles,  at  the  top  of  the  furnace 
of  eliquation,  ^fter  the  lead  charged  with  filver,  is 
feparated,  it  is  purified  or  refined  by  fufion  m 
large  crucibles;  in  which  it  is  kept  in  a  fluid 
ftate  a  fufficient  time,  to  throw  off  in  the  form 
of  fcum  or  fcorjae  all  the  foreign  matter  it  con- 
tains.    From  time  to  time  it  is  tried  by  dipping 
into  it  a  rod  of  iron,  which  takes  up   a  little 
copper,  and  a  judgment  is  formed  of  the  ftate 
of  refinement,    which   the   me^l  has   attain- 
ed,  by  its  colour,  its  grain  and   its  duflility. 
When  thefe  properties  announce  it  to  be  fuiti- 
ciently  pure,  it  is  run  into  plates  or  flabs,  or  it 
is  fold  in  thofe  irregular  round  plates^  which  are 
called  rofettes.     This   is  the  reafon  why  the 
term  of  rofe  copper  is  fo  frequently  employed 
to  denote  the  metal  in  a  ftate  of  purity.     To 
fabricate  thefe  rofettes,  or  obtain  the  melted 
copper  in  this  form,  the  fcorias  tlmt  cover  the 
furface.of  the  metal  in  the  crucible  are  carefully 
removed ;    that  furface  is  then  fuffered  to  con- 
geal ;  and  when  it  is  become  folid,  a  wet  broom 
is  paffcd  over    it,  and   moved   about  brifldy. 

The 


The  conta6t.  of  the  cold  water  occafions  the 
portion  of  the  copper  that  is  fixed,  but  flill 
foft,  to  contra6l,  rife  in  the  middle,  and  with* 
draw  its  edges  from  the  crucible,  and  then 
It  may  be  feparated  eafily,  not  only  from  the 
fides,  of  the  crucible,  but  from  the  copper  that 
remains  fluid.  This  raifed  portion  is  then  re- 
moved, rounded,  and  as  it  were  fcolloped  on 
iH  edges,  under  t4ie  name  of  rofette.  ThuS 
the  greater  part  of  the  Copper  contained  in  the 
crucible  is  fucceflively  taken  out  in^  rofettei^. 
Tlie  portion  that  remains  at  the  bottom  of  the 
veflel  is  cpnfidered  as  the  moft  pure.  Fufibii 
alone,  if  long  continued,  ferves  to  purify  coppef, 
^2g.  There  are  fome  copper  ores,  particularly 
thofe  that  are  extremely  fulphureous,  which  aW 
treated  in  another  manner,  to.obtain  from  theiil 
the  fulphate  of  copper^  by  the  eftlorefc^ncjB 
which  they  undergo  in  the  air,  .  aflifted  by 
fprinkling  them  with  water.  In  fome  plac^S> 
as  at  Saint-Bel,  tq  feparate  the  fulphur  frcitt 
thefc  ores,  they  are  roafted,  and  heated  in  clof(J 
Veffels.  Part  of  the  fulphur  burned  in  this  6peta* 
tion  forms  fulphuric  acid,  which  unites  with 
the  oxided  copper :  what  is  left  of  the  fulphuf 
biiriis  afterwards  flowly,  on  expofure  to  thtf 
air,  and  the  whole  mafs  of  ore  is  converted 
into  fulphate  of  copper,  which  is  extra6ted  by 
waihing  it  witb  water. 
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TS.  OxidabiUty  by  the  Air. 

30.  Coppeh  expofed  to  cold  air,  and  par- 
ticularly to  damp  air,  foon  lofes  in  it  its  luftre: 
it  tarniihes,  becomes  of  a  dull  brown,  grows 
gradually  darker,  acquires  what  is  called  the 
colour  of  antique  brodze,  and  at  laft  becomes 
Covered  with  a  fort  of  g#en  tint,  tolerably 
bright,  known  to  every  one  by  the  name  of 
"verdigris  or  verdet  gris    as  mmlern  (French) 

chemifts  will  have  it.     This  combuftion,  which 
is    pretty    flow,    and   even   wlien    fo    far   ad- 
vanced  as   to  carry  the   copper  to  the   ftate 
of  green  oxide,    ncv^  penetrates  deeply,   but 
flops  at  the  furface,  and  covers  it  with  a  folid 
coat,  .\vhich  defends  the  metal  from  any  far- 
t^nei*  ;alta*atton,    depends,  in  this  laft  ftate,  on 
leveral  coiiiplicated   effefts.     The  atmofpheric 
dxigen  begins  by  converting   the    futface  of 
the  metal    into  bro^vn    oxide:  this  oxidation 
fs  favoured   and  accelerated  by  water.      The 
carbonic  acid  foon  unites  itfelf  with  the  cop- 
per  thus  oxided:    fo  that  the  kind  of  varnilli 
of   antique,  medals,    ftatues,    and    utenfils  of 
various  kinds,  which  antiquaries  prize  in  them, 
aiid,  ^hich  tl^ey  call  patine,  is  nothing  but  a 
true  fuper-oxigenated  carbonate  of  coppei*,  very, 
analogous  to  malachite,  or  mountain-green. 

31.  This  alteration  of  copper  is  much  more 
powerful  and  rapid,  if  the  temperature  of  the 
-  '      -  3  *  Kietal 
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tlietal  be  inci-eafedi  Every  one  may  have  ob- 
ferved,  hoAv  quickly  the  copper  tunnel!^,  iifed 
for  carrying  off  the  fnioke  of  ftoves,  change 
their  colour  from  the  moment  they  are  firft 
heated  even  flightly  in  contact  \vith  tlie  air ; 
tliey  fpeedily  alVume  a  bluilh,  oi*ange,  yellOwilh, 
or  brown  tinge,  which  at  length  becomes 
wholly  of  a  unitbrm  deep  brown  over  all  the 
furfacci  Thefe  different  and  very  l)eautiful 
hues  are  obtained  even  by  cautioufly  expofmg 
on  burning  coals,  thin  plates,  or  laminae  of 
copper,  as  well  as  that  which  is  in  light  leaves. 
By  this  pi'bcefs  loaves  of  a  fort  of  foil  are  ' 
iiiade  of  various  colours,  which  are  chiefly 
ufed,  after  being  cut  into  fmall  pieces,  fox* 
covering  children's  toys,  to  which  they  arc 
faflened  by  a  kiiid  of  mordant  or  cement, 
previoufly  applied-  on  them-  In  fabricat- 
ing thefe  the  fucceflion  of  blue,  yellow,  vio- 
let, and  brown,  may  be  obferved :  the  laft  co- 
lour too  is  that  which  remains,  and  ijs  per- 
tnanent. 

33.  ^Vlicn  a  plate  or  bar  of  copper  is  heated 
red  hot  in  the  air,  it  burns  much  more  deeply; 
its  outward  ftratum  is  oxided  ;  it  lofes  entirely 
its  luflre,  becomes  of  a  deep  brown  colour,  and 
this  ftratum,  which  is  oxided  brown,  no  longer 
•adheres  to  the  metal.  Accordingly,  on  letting 
it  cool,  itsfurfaee,  thotighfmooth  and  poli (lied 
before,  appears  not  only  dull  and  duiky,  but 
alfo  unequal^  rough,  wrinkled,  brittle,  and  lia- 
Brie  to  break  off  oct  being  ftruck.   Thus  by  ftrik- 
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ing  a  piece  of  copper,  kept  red  hot  f!>r  fomt- 
tiine,  crafts  of  brown  oxide  are  faturated  from 
it,  known  by  the  name  o\\fcales  or  beatings  of 
copper^  under  which  the   metal  re-appears  of 
a  tine  rofe-colour.     This  fpecies  of  oxide  is 
eafily  obtained  pure,  l)y  dipping  into  cold  wa- 
ter a  great  number  of  times  following  a  piece 
of  copper  heated  very  red.     At  each  of  thefe 
operations  the  cold  water  condenfes  and  fud- 
denly  contrafts  the  pellicle  of  oxide  formed 
on  its  furface;    Avhich,    urged  by  this  fudden 
conti:a6li6n,    breaks,    feparates   in  little    frag- 
ments, and ^  falls   to  the  bottom  of  the  water 
in   coarfe  powder.     On  drying   this   powder, 
and  levigating  it,    we  have  a  brown  powder 
almoft  impalpable.  The  copper  in  this  combuf- 
tion,  which  has  been  fiippofed  its  firft  degree 
of  oxidation,  but  which  can  never  be  carried 
farther,  as   will  appear  prefently,  is  increafed 
by  twenty  five  parts,  and  abforbs  this  propor- 
tion of  oxigen  to  one  hundred  of  the    metal. 
This  brown  or  black  oxide  is  eafdy.  reducible 
to  the  metallic  ftate  by  the  action  of  the  car- 
bon   and   hidrogen  of  oils,   aflifted    by  heat. 
Accordingly  founders  of  copper  content  them- 
felves  with  throwing  the  beatings  into  the  cru- 
cible where  they  have  metal  in   fufion,    and 
particularly  brafs,  the  zinc  cQntained  in  which, 
feizing  the  oxigen  of  the  f)rown  oxide>  reftores 
it  almoft  immediately  to  the  metallic  ftate. 

^3.  The  brown  oxide  of  copper,  which  varies 
from  a  deep  red,  or  chefnut  colour,   to  a  dark 

brown, 
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brown,  acquires  this  colour  only  by  a  fort  of 
fafion  or  vitrification.  When  it  is  heated  fo 
as  to  become  (lightly  red  hot  in  contact  with 
the- air,  and  affifting  it  fo  as  to  increafe  the 
furface  expofed  to  the  atmofphere,  it  becomes 
much  deeper,  and  almoft  black.  It  has  been 
thought,  tliat  under  this  black  tint  it  was 
of  an  intenfely  deep  blue ;  this  fhade  was  con- 
fidered  as  a  fecond  degree  of  oxidation  of  cop- 
per, in  which  the  metal  appeared  to  contain 
fixteen  or  twenty  parts  of  oxigen,  while  only 
ei&ht  or  ten  M^ere  admitted  in  the  brown  oxide: 
but  it  is  now  known,  from  the  late  refearches 
of  Mr.  Prouft,  that  thefe  two  colours  belong 
to  the  fame  oxide  in  two  ftates,  or  in  two 
modifications  of  form  ;  that  both  are  equally 
oxides  with  twenty- five  parts  of  oxigen  to  the 
hundred;  that  tlie  oxidation  of  copper  cannot 
be  carried  farther;  and  that  it  never  attains 
a  higher  degree,  fince  the  green  colour,  which 
was  deemed  a  ma.vumnn  of  oxidation,  is  owing 
only  to  the  union  of  an  acid,  and  contains  no 
more  oxigen  than  the  proportion  juft"  men- 
tioned,, or  twenty-five  per  cent. 

34.  Though  the  brown  or  black  (^ide  of 
copper  is  futhciently  eafy  to  be  reduced  to  the 
metallic  ftate,  it  enters  notwithftanding  (the 
brown  in  particular)  into  feveral  vitrified  com- 
binations, and  tinges  the  glafs  of  a  chefnut 
brown,  or  deep  red.  A  brown  oxide  of  copper 
may  be  fabricated  very  readily  by  heating  two 
or   three  parts  of  copper  filings  with  one  of 

green 
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green  oxide,  the  acid  and  water  contained  in 
which  convert  the  whole  niafs  of  copper  into  an 
oxide  with    great   promptitude.       It   muft  be 
noticed  too,  that  the  blood-red  colour,  or  bril- 
liant brown,  of   oxide  of  copper,    which  tl^e 
fnft  black  oxide,  or  brownifli  oxide,   often  af- 
fnine§,  when  it  is  urged  with  a  brifk  fire,  is  but 
the  fign  of  a  fort  of  fufion,  of  a, kind  of  vitri' 
fication,  and  not  of  a  lefs  oxigenation,  as  ha 
been  fuppofed..    It  is  thus  that  the  copper,  i 
the  furnaces  in  which  it  is  refined,  is  coyere 
with  a  red  vitreous  coat,  which  is  found  alfo  o 
the  rods,  Avith  which  fpeci mens  are  from  time  t  -^ 
tiYne  taken  out,  . 

35.  All  the  fads  which  I  have  juft  related 
fpecling  the  .oxidation  of  copper,  belong,  onL^^ 
to   its   (low  or  flight  combuftion  j    there  arc 
others  pertaining  to  the  hiftory  of  its  rapid  rixcI 
powerful  combufi:ion,  with  which  likewife  it  is  of 
effelitial  import  to  be  well  acquainted.     When 
the  a6lion  of  fire  on  copper  is  fl:rongly  urged, 
when  it  is  thrown,  for  inftance,    in  the  form  ot 
fine  filings,  into  a  very  ftrong  fire,    or  when  it 
is  heated  in  a  crucible  to  a  white  heat  after  hav- 
ing been  melted,  it  burhs  much  more  rapidly 
tl^an  in  the  former  cafes ;  it  experiences  a  real 
conflagration  ;  it  even  yields  a  very  brilliant 
green  flame.     Accordingly  it  is  employed  in 
the    coinpofition  of  the    coloured   fires  of  the 
fmaller  kinds  of  fireworks,    particularly  thofe 
which  are   called  table   fireworks.     The  fanie 
cffe6t  which  is  perceptible  at  the  furface  of  the 
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cto^cible,  in  \diiGli  copper  thoroughly  fufed  and^ 
very  red,  if  nx'lted  and  ftirred,  is  produced  by 
fending  through  this  metal  in  a  fmall  piece,   or 
in  Avire,  or  in  thin  leaves,  an  elediric  difcharge. 
It  inftantly  emits  a  greenilh  flame,  breaks  with 
decrepitation,  and  is  difperfed  in  finoke  or  duft 
ii>  the  air.    It  may  be  coUefted  on  paper,  which 
you  will  find  covered  with  a  reddifli-brown  ox- 
jde.     It  is  to  this  property  like  wife  we  are  in- 
debted for  the  green  colour  which  we  fo  fre- 
quently fee  in  the  flam^  of  various  combuftible 
fubftances,  but  particularly  alcohol,  when  cu- 
P^^eous  falts  have  been  mixed  or  diflblved  in  it 
^^otwithftanding    the  aftivity  of   this  fort  of 
^Ombuftion,  and  its   difference  from  the  flow 
^  ^  nidation  I  before  defer! bed,  the  oxide  refult- 
^^g  from  it  uniformly  contains  but  twenty-five 
I^arts  of  oxiiren  to  an  hundred  of  metal,  and 
^Cimpletely  refembles  that  which  is  obtained  by 
^^e  fonper  .kind  of  combuftion  :    it  is  fully 

pJ^oved,  that  there  is  but  one  fpecies  of  oxide 
^"f  copper, 

F.   Union  with  Combuftible  Subjlames, 

3S  We  are  yet  ignorant  of  the  union  of 
Copper  with  the  firtt  combuftible  fubftances, 
particularly  with  azote,  hidrogen,  and  carbon, 
with  which  it  is  even  believed  to  be  incapable  of 
combining.  All  we  know  is,  that  hidrogen  and 
catrbondecompofe  the  oxide  of  this  metal,  take 
from  it  its  oxigen,  and  revive  it  in  a  metallic 
*     ftate,  at  a  red  heat.     It  muft  be  obferved,  how** 
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ever,  that  hidrogen  gas  reduces  the  oxide,  and 
even  feme  of  the  falts  of  copper,  as  well  as 
thofe  of  feveral  other  metals,  by  fimple  contaft, 
when  they  are  expofed  to  it  diluted  in  water,  or 
in  a  ftate  of  folution,  and  that  it  does  not  pro- 
duce the  fame  change  in  them,  when  they  are 
expofed  to  its  aftion  in  a  djiy  form.  I  ftall 
refume  this  redu6lion  of  moift  metallic  falls  and 
pxides  by  hidrogen  gas  in  the  hiftories  of  gold, 
and  filver,  the  oxides  of  which  are  much  more 
capable  of  it  than  thofe  of  copper,  whew  I 
fliall  notice  the  experiments  and  theory  of  Mrs. 
Fulhame,  an  Englilh  lady,  who  has  paid  great 
attention  to  this  fubje6t. 

37*  Phofphorus  eafily  combines  with  copper 
and  makes  with  it  one  of  the  beft  known  metal- 
liq  phofphurets,  as  it  is  the  moft  commonly  ob- 
tained, in  confequence  of  the  pra6lice  of  eva- 
porating phofphpric  acid  in  veffels  of  this  me- 
tal.    Pelletier  has  defcribed  with  great  care  the 
properties  of  phofphoret  of  copper,  after  haw 
ing  obferved,  that  the  refiduum  of  the  diftilla- 
tion  of  phofphprus,  m^de  with  phofphoric  acid, 
evaporated  in  copper  veffels,  which  are  in  other 
refpedls  very  convenient  for  this  operation,  con- 
ttaiped  a  combination  of  phofphorus  with  cop- 
per, in  the  form  of  little  diftinft  grains,  or  of 
pieces  fomewhat  larger.     Pelletier  prepared  this 
phofphoret  by  heating  irua  crucible  equal  parts 
of.  copper  fhreds  and  glacial  phofphoric   acid, 
with  one  fixteenth  of  the  weight  of  the  whole 
of  powdered  charcoal.     MargrafF  had   before 
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obtained  a  phofphoret  of  copper,  by  diftil- 
ling  an  oxide  of  this  metal  with  phofpbo^ 
rus.  The  French  chemifts  likewife  difcovered, 
that  this  compound  might  be  prepared,  though 
Jefs  completely,  by  the  fufion  of  equal  part^  of 
copper  in  Ihreds  and  glacial  phofphoric  acid ; 
and  particularly  by  throwing  phofphorus  on. 
copper  heated  red  hot  in  a  crucible  In  the  laft 
cafe,  the  copper  melts  as  foon  as  the  phofphorus 
comes  into  con  tad  with  it,  and  it  abforbs  nearly 
fifteen  or  twenty  per  cent,  of  the  phofphorus. 
The  faturated  phofphoret  of  copperas  of  a  fliin-' 
ing  and  metallic  whitifh  grey,  often  tinged  with 
the  prifmatic  colours,  granular,  compa6l,  and 
hard  in  its  texture.  It  is  much  more  fufible 
than-  copper ;  yet  it  does  not  melt  in  the  flame 
of  a  candle,  as  MargaiF  aflerted.  Expofed  to 
the  fire  under  a  mufile,  or  treated  with  the 
blow-pipe,  it  melts;  the  phofphorus  rifes  to 
the  furface,  and  burns  with  brightnefs  and  de» 
flragration ;  and  the  copper  remains  in  a  fort  pf 
blackifh  fcoria.  In  the  air  it  cracks,  changes 
colour,  lofes  its  luftre,  grows  black,  and  is  con- 
verted by  a  kind  of  effiorefcence  into  phofphate 
of  copper :  in  clofe  veffels,  however,  it  may  be 
kept  for  whole  years  without  alteration. ,  In  the 
fabrication  of  this  phofphoret  with  the  glacial 
phofphoric  acid,  there  is  always  a  fmall  portion 
of  vitreous  fcoria,  black,  and  more  or  lefs 
thoroughly  melted,  which  covers  or  envelope's 
the  button  coUefted  at  the  bottom  of  the  cru-* 
cible. 

38,  Therq 
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38.  There  are  feveral  methods  of  obtaining 
the  combination  of  fulphur  and  copper,  and, 
iaccording  to  the  circumftanccs  attending  the 
operation,  different  compounds  are  produced. 
If  fulphur  in  powder  be  mixed   with  copper 
filings,    and  made  into  a  pafte  with  water,  this 
pafte,  on  expofure  to  the   air,  fwells  a  little, 
cracks,    increafes  in  bulk,  heats  flightly,  and 
forms  at  length  a  brown  iTiafs,  which  efflorefces 
flowly  in  the  air,  and  is  converted  in  it  into 
fulphate  of  copper.     But  this  a6lion  is  infinitely 
lefs  marked  than  that  of  iron  treated  in  the 
fame  manner.     If  equal  -parts  of  fiilphujr  and 
copper  in  p^owder  be  heated  in  a  crucible,  we 
obtain  by  fufion  a  mafs  of  a  deep  colour,  a  kind 
of  fhort,  brittle  matt,    more  fufible  than  the 
metal   itfelf     For  dyeing  and  printing  cloths 
this  compound  is  prepared  by  flratifying  plates 
of  copper  with  fulphur  in  a  crucible.     When 
the  whole  is  melted,  the  matter  is  powdered, 
and  ufed  under  the  name,  now  old,  of  ^s  vene- 
fns.     This  is  the  fame  fubftance  as  the  preced* 
ing.     In  fome  manufaftories  this  procefs  is  eirir 
ployed  for   preparing  fulphate  of   copper,  by 
heating  the  compound  ftrongly  in  a  furnace. 

The  Society  of  Chemifts  at  Amfterdam  has 
made  fome  new  obfervations  on  the  fulphuret  bf 
copper.  By  gently  heating  fine  filings  of  cop- 
per along  with  fulphur  in  :a  glafs  tube  flopped 
at  one  end,  which  is  placed  in  a  furnace  amid 
the  coals,  the  mixture  melts  into  a  very  fufiblf 
brown  mafs,   which  cryftallizes    in  very  long 
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prifras  or  radii  of  a/  deep  red.     If  it  be  kept 
melted,  or  merely  in^  foftftate,  for  fome  time, 
it  grows  red,  and  feems  to  be  penetrated  with 
fire  without  its  comin'g  from  the  veffel  itfelf, 
but   by   the   re-adlion  of    its  own  conftituent 
parts  :  it  dmits,  as  if  by  taking  fire,   a  light  of 
the  mod  beautiful  red  colour,  an 4  of  the  moft 
vivid  brightiiefs  ;  fo  that  the  Dutch  chemifts, 
who  imagned  they  faw^  in  this  phenomenon  a  real 
combuftion  without  the  contaft  of  air  having 
any  concern  in  it,  drew  fome  inferences  from  it 
repugnant  to  the    pneumatic  fyftem.     But   it 
is  "more  eafy  and  more  natural  to  afcribe  this 
effect  to  the  phofphor^fcence  of  the  compound, 
or  indeed  to  a  little  air  contained  in  the  appaja- 
tus,  fince  it; is  certain,  that  the  experiment  was 
not  made  with  all  tlie  precautions  neceffary  to 
infure  its  total  abfence,  and  to  rejefl  every  idea 
of   combuftion  without  oxigen.      For,    if  w6 
were  to  fuppofe,  on  the  firft  appearance,  that 
this  artificial  compound  of  fulphur  and  copper 
actually   took  lire  without  air,  might  we  not 
conceive,  that  afmall  quantity  of  Avaterhad  here 
fupplied  this  principle?     Befides,  can  a  fingle 
fa6t,  fome  circumftance  of  which  undoubtedly 
may  have  efcaped  the  able  chemifts  of  Amfter- 
dam,  be  capable  of  inducing  us  to  believe,  that 
combuftion  can  take  place  without  air,  and  with- 
out oxigen  ?    On  feeing  this  phenomenon  wth 
jmy  own  eyes,  I  have  confidered  it  as  a   mere 
phofphorefcence,  as  a  change  and  fudden  augv 
mentation  {fju,  diminution)  of  capacity  for  ca- 
loric; 
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loric,  and  as  a  fimple  expulfion  of  light,  or  conver- 
sion of  caloric  into  light:  which  appears  fo  much 
the  more  evident,  as  after  it  has  taken  place, 
the  compound  is  ftill  fulphuret  of  copper,  though 
it  ought  to  have  been  changed  to  the  ilate  of  a 
fulphate,  if  it  had  undergone  a  real  combuftion ; 
and  as  it  retains  its  conibuftible  property  with- 
out diminution.  The  f^t},  however,  deferves 
to  be  confidered  with  more  care  than  it  has  hi- 
therto been. 

39.  Copper  eafily  unites  with,  almoft  all  me- 
tallic fubilances  by  fufion,  and  almoft  all  the 
compounds  it  forms,  poflefs  properties  of  more 
or  lefs  value,  on  account  of  which,  moftof  them 
are  employed  in  the  arts.      There  is  no  metal 
which  fo  readily  alTumes  different  forms  in  its 
metallic  combinations  ;    and  this  is  one  of  the 
principal  reafons  that  induced  the   alchemifts 
to  give  it  the  name  of  Venus,      United  to  aife- 
nic  by  fufion  in  a  crucible  well  clofed,  and  with 
muriate  of  foda  to  cover  the  melted  matter,  it 
forms  a  white,  iliort,  brittle  metal,  which  fome 
authors  call  white  tombac.      Zinc  or  tin  is  fre- 
quently added  to  this  compofition,  which  fcives 
for  making  various  utenfils  and  trinkets.     Wal- 
lerius  advifes,  to  combine  equal  parts  of  arienic 
and  copper  with  a  fixtecnth  of  lilvcr.      In  faft 
he  took  white  arfenic,  or  arfenious  acid.     Moft 
authors  employ  black  flux  and  powdered  glafs, 
to  afTift  the  fufion  and  combination.      Becher 
has  given  a  very  long  and  minute  formula,  by 
which  he  allures  us,  we  may  obtain  from  the 
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combination  of  copper  with  arfenic,  awhite, 
ductile  metal,^  refembling  filver.  Swedenborg 
has  coUefled  a  number  of  different  pro- 
ceffes,  for  making  this  compofition.  Citi- 
zen Baum^  has*  treated  it  in  divers  ways: 
he  has  frequently  had  it  brittle,  and  remarked 
that  fire  rendered  it  ductile,  without  deftroying 
its  white  colour.  He  prepared  it  either  with 
arfenious  acid  and  fixed  alkali,  or  with  tlia 
acidulous  arfeniate  of  pot-afli  or  7itiitral  arfc* 
nious  fait  oi  Macquer,  or  laftly  by  fubftituting 
brafs  for  common  copper.  In  the  arts,  many 
metallic  mixtures  are  made  with  copper  and 
arfenic,  by  adding  to  them  different  metallic 
fubftances  in  great,  variety  of  proportions. 

40.  The  combinations  of  copper  wuth  tung- 
ilen,  molybdena,  chrome,  titanium,  uranium, and 
inano-anefe,  have  not  vet  been  defcribed,  or  even 
their  properties  noticed  ;  though  we  know,  that 
uioft  of  thefe  metals  are  capable  of  uniting  with 
it,  and  rendering  it  brittle,  and  more  or  lefs  pale. 
Many  tefearches  remain  to  be  made  refpeSing 
thefe  new  mixtures,  which,  on  a  careful  exa- 
mination may  cert^iinly  furniili  products  vtvy 
ufeful  to  the  arts,  in  confequcnce  of  differing  in 
their  properties  from  the  mixtures  already 
know^n.  Befides,  the  facility  with  which  cop- 
per is  known  to  unite  with  other  metallic  fub- 
ftances, ought  to  induce  chemifts  to  try  thefe 
compofitions,  which  will  furni/Ii  them  with  the 
means  of  reducing  and  fufing  thofe  of  the  new 
metals,    the  infufibility  and  intraftability  of 

which, 
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Ivhich,  have  pf even  ted  us  fromr  yet  attaining  a 
knowledge  of  their  charafteriftic  properties. 

41.  The  combination  of  copper  with  cobalt 
is  fomewhat  different,  and  little  known.  Thofe 
authbrsy  who  hate  faid  a  few  words  oh  th^ 
fubjeft,  particularly  Wafferberg^in  his  Inftt- 
tut^s  of  Chemiftry,-affitm,  that  this  rtiixture  is 
fitnilaf  to  cobalt  itfelf,  both  in  texture  and 
fragility.  According  to  Ctonftedt,  copper  forms 
with  nickel  a  whitCi  hard  compound,  not  duc- 
tile, and  cafily  deftruftible  by  the  ain  This 
author  has  remarked,  that,  notwitftanding  the 
various  proportions  in  which  he  made  thi^ 
mixture^  the  copper  conftantly  betrayed  itfelf 
by  the  green  or  brown  colour  it  imparted  let 
the  glafs  of  borax.  Ve  do  not  know  what 
pure  nickel  forms  Avith  copper  ;  for  that  M'hich 
Gronftcdt  employed,  as  I  have  elfewhere  faid 
was  mixed  with  arfenic,  cobalt,  and  iron. 

42.  Bifmuth  fufed  with  copper  in  equal  parts 
forms  a  brittle  mixture,  of  a  pale  red.  In  the 
compound  made  with  nearly  an  eighth  of 
bifmuth,  Gellert  found  confiderable  brittlenefs, 
a  whitilh  red  colour,  and  a  texture  with  facets 
indicating  almoft  cubical  fragments  in  its 
grain.  Its  fpecific  gravity  was  precifely  the 
mean  of  the  two  metals.  Mufchenbroeck,  who 
has  defcribed  a  feries  of  different  mixtures  of 
copper  and  bifmuth,  and  afcertained  their 
various  degrees  of  tenacity,  obferved  this  pro- 
perty to  diminifh  in  proportion  to  the  abundance 
of  the  bifmuth.    The  manufafturers  of  fmill 
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works  in  brafs  or  tombac,  among  otheisof  bod- 
kins and  fpoons,  put  a  littk  bifmuth  into  their 
compofition,  without  knowing  the  end  thi^ 
addition  anfwers:  it  is  an  ancient  pra6lice, 
which  they  follow  limply  on  this  account 

43.  Antimony  unites  with  copper  very  eafily 
by  fufion.  When  they  are  mixed  in  equal  parts, 
the  produ6l  is  a  metal  of  an  agreeable  violet  cor 
lour,  the  only  one  of  the  kind  among  metals* 
Gelleit  fbund  this  mixture  fpecifically  heavier 
than  the  mean  of  its  component  parts.  This  An- 
gular conipofrtion  has  a  lamellated  and  fibrous 
textuTC :  it  was  the  regulus  of  Fenus,  formerly 
fiibricated  by  apothecaries  for  tlie  preparation 
of  the  too -famous  lilium  of  Paracelfus:.  A 
inixture  was  likewife  made  according  to  a 
p^refcription  for  alchemical  puvpofes,  compofed 
of  equal  parts  of  maj^tial  regulus  and  legulus 
of  Venus,  which,  they  fay,  formed  mefhes  and 
reticular  cavities  on  its  furface.  This  M^as 
called  Vulcan's  net^  becaufe  Mars  and  Venus 
fecmed  to  be  enclofed  in  it 

44,  ~  The  anion  of  mercury  with  copper,  and 
the  formation  of  aa  amalgam  with  this  metal, 
occupied  much  ai^lcution  in  the  laboratory.  In 
the,  order  of  adhefion,  Avhich  tlie  metals;  foluble 
by  mercury,  are  capable  of  contra6ling  with  it, 
and. which  anfw^TS  to  their  folubility,  copper 
hpld»  only  the  eightn  rank,  according  to  the 
axperimtrits  of  Citizen  Guyton,  and  has  below 
)$  only  antimony,  iron,  and  cobalt  This 
Ai^^vt^^  that  it  is  not  capable  of  uniting  with  it 
.':  -  eafdy ; 
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eafily ;  accordingly,  we  cannot  acconiplifli  the 
amalgamation,  unlefs  it  be  triturated  with  the 
mercury  in  a  ftate  of  great  divifion.     Among 
the  chemifts  who  have  fpoken  of   this  com- 
bination, fome    dire^l   thin    leaves  of    copper 
triturated  with  the  mercury,  after  they  have 
been  previoufly  rubbed  with  vinegar,  or  with 
*  common  fait-     Others  direct  the  trituration  of 
copper  filings  with  the  fiitric  folution  of  mer- 
cury, the  oxide  of  which  is  reduced   by  the 
former  metal,  and  precipitated  from  its  folu- 
tion ;  adding  to  it  a  little  fluid  mercury,  and 
wafhing  it  copioufly  with  water.      There  .are 
fome,  who  advife  us  to  take  the  copper  diffolved 
in  nitric  acid,  to  precipitate  it  in  a  metallic 
ftate  bv    means    of   iron,  and  to  triturate  it 
quickly  with  running  mercury.     There  are  alfo 
other    proceiTes,    which   require   combinations 
With  vegetable  acids,  and  of  which  I  fliall  fpeak 
hereafter.     In  whatever  manner. this  combina- 
tion is  made,  it  is  reddifli,  fufficiently  foft  to 
receive  the  moft  delicate   impreffions  when  a 
little  heated,  and  capable  of  growing  very  hard 
in  the  air.     Heat  eafily  decompofes  it,  andfe- 
parates  the  mercury.  '    -  * 

45.  The  combination  of  copper  with  zinc  ii 
one  of  the  moft  important  mixtures  that  exift; 
or  rather,  according  to  the  different  proportioti^ 
of  the  metals,  it  gives  rife  to  diff^ererit  compo- 
fition^  of  great  utility  in  the  arts.  Muichen* 
broeck  has  carefiilly  defcribed  fome  properties 
of  feveral  of  thefe  compofitions.     Equal  parte 
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of  copper  and'  zinc  yielded  him  a  metal  of  a 
fine  golden  yellow,  a  parallelopiped  of  which, 
one-tenth  of  an  inch  in  diametei*  required  108 
pounds  to  break  it.  Its  fpecific. gravity  was 
8,047-  Two  parts  of  copper  and  one  of  zlifc 
formed  a  metal  of  a  pale  gold  colour!  one  part 
of  copper,  and  three  qiiarters  of  a*  part  of  zinc, 
a  fine  gold  colouripd  metal,  very  foft  under  the 
file:  one  part  of  copper,  and  one  fourth  of 
iiinc^  a  compodtion  of  a  finer  Colour  than  that 
bf  brafsi  Gellert  has  indicated  the  fpecific  gra- 
vities of  theie  mj^ctures  as  greater  than  the 
mean.  Wallerius  informs  us,  th^t  a  mixture 
of  five  parts  of  Copper  with  three  parts  of  zinii 
is  ftill  a  little  dudile.  Citizen  Borda  has  found, 
that  the  denfity  of  brafs  was  about  one-tentll 
greater  than  that  of  the  two  metals  taken  fepa* 
Tately. 

46.  To  thefe  genet^al  obfervations  on  the  mix- 
ture of  copper  with  zinc,  it  is  proper  to  add  an 
account  of  the  principal  differences  between 
the  metals  moft. commonly  produced .  by  , it. 
According  to  the  proportions  in  which  they 
are  combined,  we  have  latten  or  brafs,  prince's 
inetal,  pinctibeck,  tombac,  and  fimilof.  Latten 
and  brafs  are  fabricated  either  by  ftratifying 
iheets  of  copper,  of  fufing  this  metal,  .with  a 
mi^iture  of  calamine,  or  native  carbonate  of. 
zin<J,  and  charcoal.  Into  compofitioms  of  this 
kind,  zinc  enters  it  the  proporti^oi  of  a  fourth 
dr  *fth  rtf  the  weight  ^^  the  coppery  andthea 
this  ftietat  is^  fu^iently  du£lile^  ta  ^fwer  a 
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great  many  purpofes.     Macquer  has  remarked, 
tliat  zinc  would  unite  with  three  parts,  alid  even 
with  two,  of  copper,  depriving  it  of  fcarcely 
any  of  its  dudlility  when  cold  :  it  is  this  that 
renders  brafs  fo  ufeful  arid  valuable.     By  this 
mixture  the  quantity  of  the  metal  is  increafed 
a  fourth,  or  even   a  third;  a  pleafing  colour, 
refembling  that  of  pale  gold,  is  given  to   it ; 
and  it  is  rendered  lefs  fubjecl  to  oxidation,  a»d 
to  produce  verdigris.     Indeed  it   is  fomewhat 
kfs  ductile  when  heated,   than  while  cold,  on 
account  of  the  much  greater  fufibility  of  the 
zinc  than  of  thie  copper.     On  keeping  brafs  in 
ftifion  over  a  ftrong  fire,  the  zinc  feparates,  is 
volatilized,  burns  with  flame,  and  the  mixture, 
being  decompofed,  returns  to  the  ftate  of  pure 
ped  copper.    Though  the  terms  latten  and  brafs 
are  nearly  fynonimous  in  chemical  writers,  the 
term  laiton  (in  Freneh)  is  moft  frequently  ufed 
for  brafs  drawn  ipto  wire:  this  is  fonietimes 
whitened  only  on  the  furface  by  the  zinc,  with 
which  it  is  coated  as  it  were.     [Our  Englifli 
texva  latten,  now  obfolete,  was  ufed  chiefly  for 
brafs  in  iheets,  or  in  a  thin  form.] 
.  The  metal  of  prince  Rupert  was  a  mixture 
analogous  to  the  preceding,  in  which  tlje  pro- 
portion  of  zinc  is  lefs  than  in    brafs  and  the 
deeper  colotir  of  which  more  nearly  refembles 
gold.     Every  workman  has  his  particular  pro- 
ccfl3?s  for  making  this  metal,  which  is  ufed  only 
for  fome  ornamental  trinkets.     It  is  the  fame 
with    pinchbeck,  tooibac,    and  fimilor,    three 
u^  ^  .  ..  j:  gther 


6ther  mixtures  of  copper  with  zinc,  which  differ 
little  from  each  other,  and  are  only  varieties  of 
brafo,  differing  a  little  in  colour.  To  obtain 
them  fine,  it  is  of  importance  to  have  the  two 
metals  very  pure,  and  to  vary  their  proportions 
in '  a  greater  or  lefs  number  of  trials,  and  ac- 
cording to  the  colour  defired.  In  ancient 
works  on  cheitiiftry,  there  are  receipts  more  or 
lefs  complex  for  preparing  thefe  metals,  with  a 
view  to  imitate  gold.  Inftead  of  taking  pure 
zinc  and  copper,  many  direfl  calamine  and 
verdigris,  which  they  mix  with  feveral  falts, 
and  expofe  a  longer  or  fhorter  time  to  a  lefs  or 
greater  degree  of  heat.  A  great  number  of 
thefe  formulae  may  be  found  in  Swedenborg'a 
diflertationson  copper  and  brafs,  aurichalcum; 
and  in  the  works  of  Lewis,  Jufti,  Cramer* 
Wallerius,  Gellert,  Teflari,  Rinnman,  and 
Klinghammer. 

To  M^hat  I  have  faid  I  fhall  only  add  an  ab- 
ftrafl  of  what  Citizen  Vauquelin  has  lately  done, 
with  refpedl  to  the  analyfis  or  aflay  of  this  im- 
portant compofition.  To  find  the  proportions 
of  the  two  metals  compofing  brafs,  this  che-^ 
mift  employed  with  advantage  the  method  of 
folution  by  nitric  acid.  When  it  was  complete, 
and  nothing  more  remained  to  be  diffolved^ 
he  precipitated  the  two  metals  by  pot^afli, 
which  he  added  in  fuffieient  quantity  tcf  dif- 
folye  altogether  the  oxide  of  zinc  }  and  as  the 
oxide  of  copper  is  not  foluble  in  it,  this  re* 
xnained  in  >  a  blackifli  powder,  which  was  fe^ 

A  a  2  IparatQd^ 
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parated,  waflied,  and  weighed.  A  fifth  of  the 
weight  of  this  precipitate,  being  fubtra£ted 
for  the  oxigen  united  to  it,  the  remainder  gave 
the  weight  of  the  copper  ;  and  what  this  fell 
ihbrt  of  the  metal  analyzed,  was  the  weight  of 
the  zinc.  This  experiment  was  verified  by  pre- 
cipitating a  fecond  nitric  folution  with  zinc, 
yrhich  feparated  the  copper  in  the  metallic  ftate, 
and  ^IForded  fhe  fame  quantity  of  the  latter 
mejtal,  as  was  indicated  by  the  former  triaL 

47.  Copper  eafily  unites  with  tin.  This  kind 
of  piixture  is  extrem^ply  ufef ul  ii^  the  .arts.  With 
it  are  niade  bfQu:?e,  tlie  npietal  of  (latues,  what 
are  called  bfaf^  cai^nons,  bell-metal,  metallic 
mirrors,  an4  the  tinning  of  copper  veffels.  Its 
properties  therefore  fliould  be  carefully  ftudied. 
in  general,  tin  greatly  diminifhes  the  duftility 
of  copper,  and  augments  its  tenacity,  hardnefs, 
and  fonorous  quality!  Mufchenbro?ck  has 
proved  by  his  experiments,  that  copper  acquired 
the  greateft  firmnefs  of  which  it  Is  fufceptible 
when  one  part  of  tin  is  added  to  five  or  fix  of 
this  metal :  and  that  the  more  the  proportion  of 
tin  was  increafed,  the  harder  and  more  fragile 
the  cqmppfition  became ;  fo  that  at  length  the 
file  would  not  touch  it :  and  in  this  ftate  it  was 
fit  only  for  fabricating-  mirrors.  Hence  this 
experimental  philofopher  concluded,  that  for 
gqji-raetal,  one  part  of  tin  only  fhould  be  ufed 
to  fi vp  Of  fix  of  copper.  The  denfity  and  fpe- 
cific  gravity  of  this  compound,  are  greater  than 
the  mean  in  the- proportion  of  .8,265  to  7,658. 

Wallerius 
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WaUeriiw  lias  given  ftill  more  precife  details 
relpefting  bronze,  than  Mufchenbroeck.      Ac-- 
cording  to  him,  for  making  gun-metal,  twelve 
parts  of  tin  fhould  be  combined  Avith  a  hundred 
parts  of  copper ;  to  which  a  little  brafs  may  be 
added  with  advantage.     By  mixing  a  hundred- 
parts  of  copper  with  twenty  parts  of  tin,  we 
have  a  loudly-fonorous  mixture,  of  a  yellowifli 
grey,  fit  fot  cafting  bells.     Swedenborg  advifes 
us  to  make  gun-metal,   by  fuiing  together  an 
himdred  {)arts  of  copper  and  twelve  or  fifteen 
pounds  of  old  tin,  and  by  frequently  mixing* 
with  thefe  metals  in  fufion,  pieces  of  implements 
of  bronze.     Savary  propofes  only  ten  or  twelve  . 
parts  of  tin  to  an  hundred  of  copper  for  gun-  . ' 
tftetal,  and  twenty  or  twenty-four  to  an  hundred 
for  bells.     He  adds,  that  two  parts  of  antimony 
are  added  to  this  latter,   to   render  the  found 
ihorie  agreeable.      In  the  compofitioii  intended 
for  fabricating  cannons,  which  ought  to  poffeft 
fufficient  folidity  not  to  burft  M'ith  a  double 
diarge  of  powder,   and  at  the  fame  time  not  to 
be  fo  foft  as  to  have  the  fliape  altered  by  the 
force  of  the  recoil^  it  is  of  importance  to  pbferve, 
that  the  mixture  of  the  tM''o  metals  is  not  homo- 
geneous and  equal  in  all  its  parts,    unlefs  the 
matter  in  fufion  be  well  ftirred  and  agitated. 
Without  this,  an  imperfeift  mixture  takes  place; 
fo  that  the  tin,  pr  copper  moft  loaded  with  tin, 
occupies  the  upper  part,   and  the  bottom  is 
nearly  pure  copper ;    and  the  whole  mafs  forms 
as  it  were,  feparate  ftrata  of  feveral  difFenent  \ 
^  ^  mixtures^ 
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luixtures,  from  that  at  the  top  of  the  crucible, 
which  contains  nioft  tin,  to  that  at  the  bottom, 
which  contains  leaft.  I  have  already  made  the 
fame  remark  on  other  compofitions,  but  it  is 
ftill  more  important  in  the  hiftory  of  bronze,  on 
account  of  its  great  utility,  and  the  various 
purpofes  for  which  it  is  defigned.       It  may  be 

rcmaiked  here,  that  the  bronze  of  ftatues  differs 

»     •    ■    ■ 

from  that'of  cannon  only  by  containing  a. 
moT6  or  lefs  confidej-able  proportion  of  tin^ . 
according  to  the  colour  that  it  is  wiflied  tc^ 
have.         - 

48.  Bell-metal  differs  from  bronze  chiefly  iri. 
the  proportion  of  tin,  which  is  greater^  and  in. 
hcing  more  brittle.     The  moft  ufual  proportion, 
for  this  compofition  i$  twenty- fiye  of  tin  to  fe— 
vpnty-five  of  copper-      On  analyzing  pieces  of 
bells  by  acids,  we  frequently  find  either  their 
proportion  a  little  different  from  this,  or  fome 
other  metal  in  them,   as  zinc,  antimony,  bif- 
muth : .  fometimes  we  even  difcover  in   them 
filvcr:    but  thcfe  metals  are  not  elTential  to 
them,  and  almoft  always  come  from  brafs,  and 
potajnsy  a  fort  of  bad  compound  of  copper,  tin, 
lead,  &c. ;    or  fome  pieces  of  old  plate,  which 
credulity  and  fuperitition  formerly  threw  into 
the  furnaces  where  bell-metal  was  melting.    In 
the  fabrication  of  bell-metal,  we  particularly 
obferve  the  Angular  property  tin  polfeffes,  oi 
diminifhing  the  fine  colour  qf  copper,  and  even 
caufing  it  to  difappear.     The  mixture  for  bells 
is  of  a  white  grey,  of  ^  clofe  an^  hard  grain, 
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very  difficult  to  file,  and  of  a  fpecific  gravity 
greater  than  the  mean  of  the  t\vo  metals  com- 
bined  ought  to  give.      All  thefe  chara6leriftics ' 
indicate,   that  the  copper  is  intimately  pene- 
trated by  the  tin,  and  all  its  pores  in  a  manner 
filled  with  the  molecules  of  the  latter.      Tliis 
metal  is  more  fufible  than  copper.     To  affay  it, 
it  is  treated  in  powder  with  nitric  acid,  which 
dilfolves  the  oxided  copper,  and  leaves  the  tin 
as  a  white  infoluble  oxide :  It  was  formerly  fup- 
pofedi  that  thefe  two  metals  could  not  be  fepa- 
rated,  and  that  it  was  impoffible  to  extraft  the 
€opper ;  fo  that  it  was  imagined  the  copper  was 
loft,  and  that  there  was  no  other  way  of  turning 
it  to  account,  but  to  add  copper  to  it  in  fuch 
proportion  as  to  render  it  fit  for  gun-metal,  or 
to  make  thofe  white,  hard,  and  brittle  mixtures, 
of  which  belk  for  clocks,  buttons,  trinkets,  &c. 
are  formed.     Bnt  this  prejudice,  propagated  by 
men  whofe  intereft  it  was  that  bells  fliould  not 
change  their  form,  did  not  long  ftand  againft 
the  firft  look  which  the  French  chemifts  threw 
on  this  mixed  metal,  when  the  wants  of  their 
country  called  .their  attention  to  the  fubjcQ. 
Many  modes  of  extracting   copper  from  hell- 
metal  were  found  :  flow  fufion  merely,  with  the 
throwing  of  a  little  water  on  the  fuiface  of  the 
melted  metal,  was  fufficient  for  the  purpofe  in 
refiners  workfliops,   in  full  adivity.      By  this 
procefs,   the  tin   is   oxided,    and  floats  on  tlic 
iuiface  of  the  bath  in  the  form  of  fcoria^,  which 
carrywith  them  a  little  copper  it  is  true,  but  which 

when 
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when  fepai;ated  from  the  refined  coppet  'they 
cover,  are  reduced  and  re-melted  apart,  to  make 
q^wljiite  brittle  metal,  ufeful  for  variouis  purpofta, 
Jnfeveral  national  and  other  French  workih ops, 
the  copper  of  bell-metal  is  ftill  ej^trafted  in  the 
great  by  a  procefs  which  I  propofed  in.  1790. 
This  confifts  in  oxiding  part  of  the  belj-metal 
into  pulverulent  fcoria,  and  ftirring  them  among 
fix  parts  of  theiame  metal  fufed  ina  reverbe- 
ratory  furnace.  The  tin,  having  mpcb^reatef 
affinity  for  oxigen  thau  the  copper  has>  the 
portion  of  the  former  metal  contained  in  the 
mixture  in  fufion>  abfoi-bs  this  principlie  from  the 
oxidpd  copper  of  the  fcovice  laft  added  ;  fb  that 
the  copper  feparates  from  the  tin^  which  is  thus 
burned  and  fcorified,  and  at  the  lame  time  is 
augmented  by  the  copper  contained  in  the  fco- 
ria added,  which  yields  its  oxigen  to  the  tin, 
To  accomplilh  the  fame  objefl:,  and  to  oxide  the 
tin  of  the  bell-rnetaj,  Pelletier  recommends  the 
addition  of  nianganefe  to  the  metal  in  fufion, 
Some  other  chemifts  have  fuccefsfuUy  employed 
niuriate  of  foda,  projeded  on  the  melted  bell- 
metal,  by  means  of  which,  they  have  feparated 
the  tin.  This  parting  of  beU-inetal  is  a  new 
art,  which  was  created,  and  fpeedily  carried  to 
perfe(5iion  by  the  French  republic,  to  the  alio* 
nifliing  military  fucceffes  of  which  it  cpntri* 
buted.  "" 

49.  A  mixture  of  three  paits  of  tin  and  one 
of  eopper,  fufed  with  a  Httle  arfenious  acid  and 
black  flux,  which  reduces  the  latter,  yields  a 

ftifr; 
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ftiff,  hard  compouiidj  of  a  fteel  colour,  fufcepti-^ 
ble  of  a  bright  poliih,  little  alterable,  which  is 
ufed  for  fabricating  reflefting  mirrors  for  tcle-^ 
fcopes,  optical  experiments,  &c.  We  find  be- 
fides,  in  Kunckel,  Cardan,  Becher,  and 
Swedenborg,'  many  different  compofitions  for 
making,  this  fpecuVum  metal.  Becher  direfite 
for  it  eight  parts  of  copper,  one  of  tin,  and  five 
of  bifmuth  :  Cardan,  three  parts  6f  copper,  one 
af  tin  and  filv^er,  and  an  eighth  of  antimony  : 
Jkinqkel,  three  parts  of  good  tin,  and  one  o£ 
copper,  which  he  fufed  with  a  little  tartar,  alum,? 
ikitpetre,  and  arfeniou5  acid.  Tin  is  only  hturd- 
0ned  and  rendered  brighter,  when  it  is  alloyed 
with  -^  o£  copper.  Antimony  is  frequently^ 
^dded  to  thefe  two  natetals  with  the  fame  inten-^ 
tion^ 

50.  The  tinning  of  copper  is  nothing  but  ait 
exti^mely  thin  or  fuperficial  mixture  of  copper 
with  tin.  It  is  employed  to  hinder  the  coppef 
from  rafting  ;  and  to  prevent  food  prepared  in 
veflfels  of  this  metal  from  diffolving  a  portion  of 
it,  land  acquiring  a  poifonous  acrimony.  That 
the  tinning  may  be  performed  with  good  fuc- 
cefs,  it  is  neceflary,  that  the  furface  of  the 
copper  veffel  to  be  tinned  is  very  clean,  and  per* 
fe6tly  metallic.  .  Accordingly  the  workman- 
begins  withfcraping  this  furface  :s<ath  the  blade  ^ 
of  an  iron  tool  made  for  the  purpofcj  rubbing  it. 
all  over  fufficiently  hard,  till  it  is*  every  where 
clean  and  ihining.  It  is  then  rubbed  with  mu- 
riate of  ammonia,  an4  fet  over  bjiirning  coals. 

When 
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When  it  is  fufficiently  heated,  powdered  refmis 
thrown  into  the  veffel,  which,  by  covering  the 
metallic  furface,  prevents  it  from  oxiding. 
.  Laftly,  melted  tin  is  poured  in,  or  the  veffel 
is  rubbed  with  a  piece  of  tin,  which  is  imme- 
diately melted  by  the  heat,  and  which  is  ap- 
plied over  all  the  furface  of  copper  by  means  of 
a  wad,  Inftantly  the  copper,,  which  was  of 
a  fine  red,  becomes  of  a  fliining  filvery  white, 
from  the  uniform  application  of  the  tin  over 
every  part.  There  is  but  a  very  flight  layer  of 
tin,  vf'hich  thus  forms  one  fubftance  with  the 
copper.  It  M'ould  be  in  vain  to  apply  frefli  lay- 
ers  and  new  thicknefles  of  it,  for  they  would 
not  acquire  the  fame  adhefion,  the  fame  hard- 
nefs,  the  fame  infufibility,  as  that  which  covei'ed 
the  copper.  In  a  heat  capable  of  melting  tin, 
thcfe  new  layers  would  run,  and  collect  in  glo- 
bules, or  clots  at  the  bottom  of  a  tinned  veffel,' 
becaufe  the  fecond  tin,  which  was  added  to  the 
firft,  would  remain  as  tin,  and  retain  all  the 
properties  of  tin ;  while  the  firft,  a6lually  ad- 
hering to  the  furface  of  the  copper,  and  form- 
ing a  compound  with  it,  is  thus  rendered  infu- 
fible  at  the  temperature  that  liielts  tin.  We 
have  reafon  to  be  aftoniflied  at  the  fmall  quan- 
tity of  tin  which  thus  combines  with  and  at- 
taches itfelf  to  the  copper  in  tinning  ;  and  we 
might  naturally  apprehend  dangerous  eifefts 
from  the  copper,  which  is  feparated  from  our 
food  only  by  a  leaf  of  tin  of  alnioft  incalcula- 
ble thinnefs,  had  not  long  experience  taught 

us 
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us   that  this  flender  leaf  is  fufficient  ta, pre- 
vent the  copper  beneath  it  from  coming  into 
contaa  with  the  contents  of  the  veifel.  Bay  en, 
in  his  inquiries  concerning  tin,  has  found,,  that 
a   llew-pan,  nine  inches  in  diameter,  and  three 
inches  three    lines  deep,    acquired   the  addi- 
tion   of   twenty-one    gfains  only  by  tinniiijg. 
We    muft  be  attentive,   however,    not  to   let 
food,  particularly  if  it  contain  any  thing  acid, 
remain    in    tinned    copper    veffels;    and    fre- 
quently to  have  them  tipned  anew,  to  avoid 
all  apprehenfion  of  danger.     It  is  of  impor- 
tance, likewife,  to  ufe  nothing  but  very  pure 
tin  for  this  purpofe :  for  that  which  contains 
lead, 'and  particularly  pewterers' folder,   which 
contains  half  its  weight  of  itj  expofes  us  to  all  the 
4iforders  to  which  lead  may  give  rife.     It  has 
been  .propofed  to  make  infufible  and  thick  coat- 
ings of  tin  rendered  infufible  by  means  of  iron, 
filver,  or  platina.     Lafolie,  a  chemift  of  Rouen, 
has  even  endeavoured  to  fubftitute  in  the  Head 
of  tinned  copper  veffels,  to  keep  up  the  preju- 
dices againft  the  ufe  of  which  is  certainly  pru- 
dential,   ftew-pans   of   wrought  iron   covered 
with  zinc;  and  it  it  much  to  be  wiihed  that 
the  ufe  of  thefe  fhould  be  more  common. 

51.  Copper  mixes  very  Avell  with  lead  by  fu* 
lion.  When  the  lead  exceeds  the  copper,  the 
mixture  has  the  grey  colour  of  the  former,  and 
is  tolerably  duftile ;  though  it  is  brittle  when 
hot,  on  account  of  the  great  difference  of  fufi- 
l^ility  between  lead  and  copper.  To  this  differ- 
ence 
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ence  is  outing  fhd  utility  o£  lead  in  the  metaU 
lurgic  procefs  which  I  liave  defcribed  above 
under  the  name  of  eliquation. .  TKis  mixture 
of  lead  and  copper  is  employed  in  fome  of  the 
arts,  particularly  in  the  fabrication  of  certaia 
'  forts  .  of  printers'  types  for  the  large  letters. 
Savary  fays,  that^  the  proportion  requifite  for 
this  purpofe  is  an  hundred  parts  of  lead  to 
twenty  or  twenty-five  of  coppen  . 

il2.  Copper  is  capable*  of  uniting  vith  iroa 
likewife,  but  much  more  difficultly  than  witfr 
moft  of  the  preceding  metals.  The  more  iron 
is  combined  ^ith  copper,,  the  more  does  the 
compound  approach  to  a  grey  colour;  lofe  ite 
duftility,  and  become  difficult  to  melt  •  Oft 
fufing  thefe  two  metals  in  a  crucible,  we  al\^ay» 
find  unmixed  iron  remaining  over  the  copper,' 
to  which  it  ftrongly  adheres.  This  faft  ex- 
plains how  the  two  riietals  folder  together  iirti- 
mately,  and  pretty  eafily.  Grains  or  filings  of 
iron  are  frequently  found  diflemiriated  in  bilb« 
bles  in  the  copper,  when  the  two  metalshiive 
not  been  heated  fufficiently  to  promote  their 
mixture,  Almoft  all  chemifts  agree  Hefpie^^g 
the:  difficulty  of  uniting  them.     ' 

G.  ABion  on  Water,  and  on  Oxides. 

53.  Wh^t  I  have  already  fliowti  condel^nrag 
the  properties  of  copper,  fufficiently  i>'roves  thaf 
this  metal  has  too  little  attra6iiori  for  oxigcn, 
to  be  capable  of  depriving  water  of  this  princi* 
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pie  :  according][y  modern  chemifts  fuppofe,  that 
popper  does  not  decompofe  this  oxide  of  hidro- 
gen  ;  as  they  fee  beiides,  that  hidrogen  decom- 
po£es_the    oxigen   of  copper,   even    coloured 
grieen ;  the  inftantaneous  contaft  of  this  gafeous 
fubftance  being  in  fa6l  fufficient,  to  bring  the 
oxide  back  to  a.  brown  coloyr.     There  is  one 
circumilauce,  however,  in  which  it  might  feem, 
that  this  decompofition    of  water  by,  copper, 
really  takes  place:  it  is  that  in  which  this  fluid, 
which  touches  and   bathes  the  metal  without 
a6lion  as  long  as  it  is  hot  or  in  vapour,  cools 
and  condenfes  on   its  furface.     In  this  cafe  we 
conftantly  fee  the  places  occupied  by  drops  of 
the  condenfed  and  cooled  liquor  become  co- 
vered  with  green   oxide  in  the  fpace  of  a  few 
hours;  and  this  phenomenon  recurs   too  fre- 
quently in  conimon  life,  for  chemifts  not  to 
have  been  ftruck  with  it.     At  the  higheft  tem- 
perature, when  copper  is  melted  and  red  hot, 
water  falling  on  it  excites  a  commotion,  is  fud- 
denly  converted  into  vapour,  and  puflies  before 
it  jets  of  liquid  copper,  which  are  very  danger- 
ous in  calling  this  metal,  as  all  copper-founders 
know,  who^take  the  greateft  care  to  dry  their 
moulds :  but  even  in  this  phenomenon,  we  can 
neither  fay  nor  imagine,  that  the  water  is  de- 
compofed,  any  more,  than  in  the  conta6l  of  the 
vapour .  of  water  condenfed   by  refrigeration. 
The  firft  deflagration  appears  to  be  owing  tQ  the 
viQlent  and  fudden  vaporizatiqn  of  the  water. 
The  oxidation  of  the  copper  in  the  fecoud  cafe 

is 
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i^  produced  by  theiinion  of  feveral  attraftidiij 
particularly  by  that  of  the  oxigen  and  the  car 
bonic  acid  of  the  atmofphere  for  copper  and  it 
oxide;  This  is  the  rcafon  why  the  oxtdatioii 
which  takes  place  fo  readily  in  open  veflfels,  doe 
not  occur  in  clofe  vefTels. 

It  is  by  the  fame  combination  of  feveral  at 
traftions,  particularly  affifted  by  that  which 
have  called  difpojing  attraBion,  that  coppe 
decompofes  water  when  it  is  combined  witl 
fulphur:  it  is  to  thefe  co-operating  powers,  tha 
the  fpontaneous  fulphatization  is  owing,  whid 
native  fulphurcts  of  copper  undergo  in  the  air 
after  being  wetted.  There  is  every  reafon  t< 
believe,  that  the  fame  thing  happens  to  th 
phofphuret  of  this  metal,  when  it  grows  black  ii 
the  air,  according  to  the  obfervation  of  Pelle 
tier,  as  well  as  to  feveral  mixtures  of  this  me 
tai,  when  they  happen  to  be  placed  in  fimila 
circumftances.  We  (liall  fee  prefently,  that  th< 
fame  theory  naturally  prefents  itfelf  in  the  ac 
tion  of  cop^pcr  on  certain  acids,  or  during :it 
fdlution  in  fome  of  thefe  burned  fubftances. 

55.  It  is  eafy  to  conceive,  from  what  ha* 
hitherto  been  faid,  that  copper  fhould  have  but 
little  action  in  the  greater  number  of  metallic 
oxides  :  in  fa<5l  there  are  very  few  from  which 
it  is.  capable  of  taking  their  oxigen ;  on  tte 
contrary,  its  own  oxides  are  eafily  decompofed 
by  moft  other  metals.  Manganefe,  zitic,  tin, 
and  efpecially  iron,  have  this  property  in  » 
eminent  degree.     Mercury  is  of  all  metals  that 

^  which 
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which  yields  its  oxigen  moft  readily  to  copper : 
fo  far  that  the  latter  precipitates  in  a  metallic 
ftate  almolt  all  the  folutions  of  quick-lilver ; 
and  that  the  putting  of  plates  or  pieces  of  cop- 
per into  fluid  mercurial  falts,  is  fufficient  to 
vhiten  them  by  the  precipitation  ©f  the  mer- 
cury in  a  metallic  ftate,  and  to  give  a  bliie  co- 
lour to  the  folutions  which  before  were  perfectly 
colourlcfs.  Sometimes  this  procefs  is  employed 
even  to  form  on  the  furface  of  copper,  a  kind 

.  of  filvering,  which  it  muft  be  owned,  however, 
is  of  little  folidity  or  duration.  Copper  preci- 
pitates like  wife,  at  leaft  in  part,  the  fuper-oxi- 

.  genated  fulphate  of  iron  ;  not  that  it  takes  the 

-  oxigen  from  the  tin,  but  becaufe  the  highly- 
oxided  oxide  of  this  metal  has  fo  little  adhefion 
to  the  fulphuric  acid,  that  it  inftantly  yields  its 

,    place  to  tlie  copper. 

■ 

\  H.  ABion  ttpon  the  Acids. 
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36.  It  has  always  been  faid,  that  no  metal 
is  more  alterable  or  foluble  by  acids  than  cop- 
per: and  in  fa6l  there  is  no  acid,  e\^en  among 
the  weakeft,  which  is  not  capable  of  colourhig 
this  metal,  if  put  into  it  and  covered  with  it, 
either  blue  or  green  ;  and  which,  confequently, 
ii  not  capable  of  oxiding  it  by  the  help  of  wa- 
\  ter,  and  of  afterwards  uniting  with  its  oxide. 
Sulphuric  acid  does  not  attack  copper  unleft 
it  is  concentrated,  and  at  a  boUihg  heat :  cop- 
\   per^  then  dccbmpolcs  this  acid,  tikes  from  it 

part 


3f6$  CO  FT  EH. 

pc^rtof  it$  oxigen,  and  difengages  from  it  mudi 
fulphureou?  acid  gas.  For  this  proccfs  it  is 
tifual  to  take  two  parts  of.  a$;id,  :ftTid  one  of  the 
metal.  Kunckel  direcls;  diftiUatioa  to  be  em* 
ployed*  This  combination  h  inoft  frequently 
made  in  a  matraft :  the  procefsi  is  continued, 
till  a  dry  niaft  is  obtained,  which  is  of  a  dirty 
or  brownifli  grey,  according  to  the  proportion 
of  the  two  fubftances,  and  the  heat  given  to  it. 
This  refiduum  is  afterward  waihed  with,  diftilled 
water,  which  affumes  a  fine  blu€  colour.  A 
little  brown  oxide  frequently  remains,  which 
does  not  diflblve*  The  blue  liquor,  evaporated 
to  a  pellicle,  and  cooled  flowly,  yields  rhom- 
boidal  cryfials  of  the  fame  colour.  Thefe  are 
obtained  almoft  to  the  end  of  the  evaporation  of 
the  liquor.  The  fulphuric  acid,  even  when  weak, 
eafily  diffolves  the  oxides  of  cdpper,  and  forms 
with  them  the  fame  fulphate  of  cOppi?r  as  that 
of  which  we  have  fpoken. 

57*  Sulphate  of  copper  is  prepared  in  the 
great,  either  by  the  evaporation  of  certain  wa- 
ters, whiclLchold  it  in  folution,  or  by  burning 
native  fulphurets  of  copper,  or  by  leaving  thefe 
fulphurets  to  efflorefce  or  fulphatize  in  the  air, 
after  having  wetted  them.  When  the  fulphatiz'^ 
ation  is  effefted,  the  matter  is  lixiviated  with 
Avater,  and  the  liKivium,  after  evaporation,  is 
left  to  cryftallige  in  large  veffels,  in  which  it 
depofits,  confiderable  maffes  of  blue  cryfhls. 
This  fait  was  formerly  tenned  blue  vitriol,  Q^ 
prus  vitriol,  vitriol  of  cqppcr,.  blue  copperas, 

3  and 


And  vitriol  of  Venice.  It  has  aii  acrid,  nietallicv 
ftyptic,  and  almoft  cauftic  tafte.  Thpiigh  it 
has  always  been  defcribed.  as  j  cryftalHzed.  ;itt 
rboniboids,  this  vague  expreffioriiii  infiifficiettt 
in  the  prefent  day.  The  fbUdwjBgiisitho^.man- 
ner  in  which  Citizen  Haiiy  defcribe»  thni^ryf" 
talHzation  of  fulphate  of  copper.  Its  priipitive 
form  is  an  oblique  angled  parallelopiped,  ^ich 
may  be.confidered  as  an  oblique  prifm^  of  Vhichv 
the  fides  are  inclined  to  each  other  in  i&nglcs 
of  124^  ]',  and  55^  59',  and  the.  bafe  laakes 
with  one  of  the  fides  an  angle  of  109^:21'^ 
with  the  oppofite  fide  one  of  70*"  39^;:  The 
feldt^fpar  is  the  only  fait  befides  this  which  has 
an  oblique-angled  parallelopip'ed  for  its  primi- 
tive form;  but  the  faces  compofiiig=jbhe  fame 
folid  angle  in  that  ftone  have  different  angleit 
The  prifm  of  fulphatCipf.  copper. paffes,  jby  de- 
crements fimple  in  their  defcriptiori,  to  the  ofta- 
hedron,  and  the  decahedron  r  round  each  bafe, 
likewifCj  are  formed  marginal  or  angular  facets, 
folitary,  binary,  or  ternary,  which  conftitute  a 
feries  of  varieties,  all  determined  with  precifion 
by  the  help  of  the  theory  which  -Citizen  Haiiy 
has  difcovered* 

'58.  Sulphate  of  copper  melts-  quickly  over 
the  fire,  by  the  help  of  its  wateriof  cryftalliza- 
tion;  foon  lofes  thirty-fix  per  cent;  of  its  weighty 
and  dries  into  a  powder  of  a:blucifh  white.  If 
the  fire  be  then  augmented,  it  gives  out  its 
acid.  It  has  been  remarked,  that  it  is  more 
difficult  to  decompofe  than  the  fulphate  of 
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iron.  Thfe  rcfiduum  of  this  decompofition  by 
fire  is  a  blackiik  oxide,  always  containiBg 
ttire»ty-five  ports  of  oxigen  to  a  hundred  parts 
of  tnetaii?  Mr.  Proufl,  to  whom  we  are  in- 
debted fcrr  this  laft  remark,  gives  ti»e  following 
proportions  for  the  component  parts  of  fulphate 
of  chopper :  i  black  oxide  of  copper,  thirty-two ; 
fulphiiric  acid,  thirty-three ;  water,  thirty-five. 
It  alters  a  little  in  the  air,  lofing  its  wat^  of 
eryila^lisation^  and  efHorefcing  in  the  f^H'm  of 
a  whitiih  blue  powder ;  but  this  efflorefccnce  is 
confined  to  the  furface  of  the  fait.  It  requires 
but  four: or  ^Vie  parts  of  waters  at  the  tempera- 
ture of  ten  di^ees,  to  diflblve  it :  boilipg  wa- 
ter diflblves  half  its  weight:  accordingly  it 
cryfitaliiajesjalinqft  as  well  hy  refrigeration  as  by 
{low  evaporation.  Phofphorus,  and  phofphoiated 
or  fulphura:(e4  hidrogen  gas,  fepamte  from  it  the 
coppcTj^  which  iiiey  more  or  lefs  completely  re- 
duce. Xo  acid  a^s  on  :the  fulphate  of  copper. 
.  69.  The  earths  and  alkalis  dacompofe  ity  and 
precipitate  its  folatipn  Jnto  a  blueifh  grey  ox- 
ide, which  hecom'es  green  when  dried  in  the 
open  air,  by  abforhing  the  carbonic  acid  of  the 
atmofphere. 

If  huixv^ailiquantity  of  liguid  caufticpot- 
afh  he.ponnsd  into  the  folution  of  fu\phato 
of  .copper,  the  ^reeniih  precipitate  obtained, 
which  fornGKS  in  a  folution  of  cupreous  Ad^al^ 
A,s  this  &ltiis  not  in  tliis  cafe  wholly  deoompof 
fed,  is  a  particular  fpecies  of  fulphate  lof  cof* 
per,  in  ^hich,  according  to  Mr.  /Proufl,  thf 
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Jteid is  at  the  minimum ;  in  other  Mords,  It  i^ 
oxide  of  x:opper%  with  a  little  fulphuric  gxiid. 
Thi8  faltj  the  fame  chemift  obferves^  lofes  four- 
teen per  cent  of  water  by  diftillation :  when 
treated  ^(^ith  pure  pot-afli  it  is  reduced  to  fix- 
tjrveight.  of  black  oxide.  It  contains  there- 
fore fixty-eiglit  parts  of  black-oxide,  eighteen 
of  fulphuric  acid,  and  fourteen  of  water.  It 
appears,  that  fulphate  of  copper  with  the  mini- 
mum of  acid  may  be  obtained  by  the  decompo** 
fition  of  fulphate  at  the  maximum^  by  heat. 

60.  If,  inftead  of  partly  decompoling  the  ful- 
phate of  copper  by  pot-afti,  we  employ  this  al- 
kali in  excefs,  all  the  acid  of  the  fait  is  taken 
lip  by  it,  and  a  blue  oxicje  is  thrown  down, 
-which  Mr.  Prouft  confiders  as  a  peculiar  com- 
-pound  of  black  oxide,  the  only  oxide  of  cop- 
per he  admits,  together  with  w^ater.  He  calls  it 
hidraie  of  copper.  When  I  come  to  the  nitrate 
of  this  metal  I  ihall  fpeak  of  it  more  at  large. 
Ammonia,  by  decompofing  the  fulphate  of  cop^ 
per,  and  at  firft  precipitating  its  fplution,  foon 
^iflblves  the  precipitated  oxide,  wben  an  exx^fe 
of  this  alkali  ii§  added,  and  affumcs  a  very  rich 
•end  brilliant  blue  colour. 

Sulphate  of  copper  unites  in  triple  ialts  with 
•fcveral  alkaline,  earthy,  and  metallic  fulphates^ 
With  ^beat  it  decqmpofes  the  nitrates  and  muri- 
ates, being  at  the  fame  tinie  itfelf  decompofed, 
and  expelling  the  nitric  and  mimatic  acids.  \t 
afts  on  many  jnetallic  falts,  which  it  decompo- 
•fes  by  double  -ele^liTe  attra^ion.    The  alkalir\e 
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phosphates  and  borates  likewifc  precipitate  it 
by  double  attra6lion.  The  carbonates,  by  pre- 
cipitating it,  produce  carbonate  of  copper* 
which  becomes  of  a  fine  green  in  the  open  air. 
Many  metals,  particularly  zinc,  tin,  and  iron, 
decompofe  it,  and  precipitate  from  it,  the  laft 
efpccially,  metallic  copper,  by  attra6ling  the 
oxigen  from  its  oxide.  The  folutions  of  man- 
ganefe  and  tin  turn  it  brown,  and  throw  down 
the  copper  in  brown  oxide.  From  this  property 
of  iron  it  is  employed,  as  I  have  faid  above,  to 
feparate  the  copper  from  the  native  folution  of 
this  fait,  which  produces  the  copper  of  cemen- 
tation. 

6l.  The  fulphureous  acid,  according  to  the 
experiments  made  on  the  metallic  fulphites  by 
Citizen  Vaiiquelin  and  myfdf,  does  not  attack 
^copper.    This  metal,  left  a  long  time,  in  contaft 
'-\i^ltk  and  covered  l?y  fulphureous  acid,  has  nei- 
ther its  luftre  nor  its  weight  diminifhed,     Vfji 
haveialfo  feen  tlriiSl  tBflstal  give  out  only  fulphu: 
reoUs  acid  gas  ^ with  fulphuric  acid;  and  for 
tthi&arbafon  there,  is  no  fuch  thing  As  fulphuratol 
iiilphitr  of  copper.    But  the  ox-ide  of  this  metal 
unites  fpeedily  and  quickly  >yith :  fulphureous 
•acid.'  .This  faline  compofition  is  made  at  once 
by  pouring  a  folution  of  fulphite  of  fod^,  inte 
■arfolution  of  fulphate  of  copper  :  at  the  inihurt 
.bf'naixing  thele  two  liquors,  a  lanon-cqlouitd 
rpreelpitat-e  i&  formed,  and  afterward  fnftallcrjf 
-tals^  of  a  greenifh  white  are  depgfited*  whick 
-grow  deeper  coloured  on^^cxpofure  to  the  air; 
?.   /:;.        -  aftffi 
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after  thefe  are  dcpofited,  the  liquor  yields  on 
evaporation  fulphate  of  foda.     All  the  experi- 
ments made  on  the  3'^ellow  precipitate,  and  on 
the  greenifh-white  fait,  prove  thefe  ftibftances 
to  be.  equally  fulphite  of  copper,  and  that  the 
firft  contains  moft  copper,  which  is  the  occafion 
of  its  yellow  colour   and   infolubility.     Thus 
there  is.an  unequal  diftribution  of  the  oxigen 
between  the  two  portions  of  the  copper,  ind 
two  fulphites  a  little  different  are  formed;  Each 
of  them,  when  heated  Avdth  the  blow-pipe,  melts, 
grows,  black,  acquires  a  grey  colour  fimHar  to 
that  of  fahlertz^  and  is  reduced  to  the  metallic 
fiate  with  ebyllitiop.     Heated  in  a  glafs  tube, 
the  greeijifh  cryftalli;2ed   fulphite  becomes   at 
firft  yellow,  and  afterward  of  a  chefnut  red; 
liilphureous^jcid'is  at  firft  extricated,  and  after- 
ward fulphuric  acid  :  part  of  the  fait  remains 
iji  a  grey  fulph.tu>et»  ^nd  another  portion,  fufmg 
\y}t\\  the  glafs,  gives  it  a  brilliant  red  colour.    We 
here  fee  the  oxide  of  CQpper  jield  its  oxigen  to 
fjLilphureous  acid,  whjph  bi^coiiies  fulphuric  acid, 
and  itfelfpaffes  to  the  metallic  fiate.     Though 
J    the  fulphite  of  copper, is  little  folublp  in  water, ^ 
r    it  is  fufSciently  fo  to  be  rendered  fcpfible  by 
i   potrafh,  which  produces  a  greenifli  flpcculenlfc 
1;^'  precipitate,  and  by  ammonia,  which  gives  it 
t5  a  blue  colour.     Coiurentrated  fulphuric  Acid, 
i  poured  or^  the  cryftallized  fulphite  of  copper, 
^  difengagjss    from    it  with   noify  effervelcence 
II  much  fiilphurepus  acid  in  the  (late  of  gas,  and 
i  fcparates  from  it  a  brown  red  pulverulent  mat- 
ter refcmbling  wine- lees.    On  adding  water,  this 

precipitate 
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precipitate  does  not  re-diffolvc :  but  being  left 
expofed  to  the  air,  without  water,  it  lofes  its 
colour,  and  diffolves  in  the  fulphuric  acid.  In 
this  experiment  the  oxigen  of  the  copper  is 
transferred  to  the  fulphureous  acid,  part  of 
which  it  converts  into  fulphuric  acid ;  and  thus 
the  oxide  of  the  copper  paffes  nearly  to  the 
metallic  ftate*  Nitric  acid  a£ls  equally  on  both 
of  the  fulphites  of  copper,  difengages  fulphu- 
reous gas,  and  nitrous  gas,  and  converts  them 
into  fulphate  of  copper.    We  fee  this  combi- 

nation,  hitherto  unknown  to  chemifts,  and 
which  cannot  be  obtained  direftly  from  ful- 
phureous acid  and  copper,  on  account  of  the 
feeble  attra6lion  of  this  metal  for  oxigen,  •  ex- 
hibits very  interefting  phenomena,  the  expla- 
nation of  which  is  to  be  found  in  the  pneumatic 
theory. 

62.  The  nitric  acid  is  pretty  rapidly  deconl- 
pofed  by  copper,  which  extricates  from  it  uni- 
formly, without  great  concuffion  or  violence^ 
^nd  without  fwelling  up,  nitrous  gas,  whicli  is 
frequently  employed  in  eudiometrical  experi- 
ments ;  either  becaufe  the  tranquil,  fucceffivci 
and  in  fome  fort  regular  manner,  in  which  it 
efcapes  during  this  folution  of  copper,  renders 
the  operation  eafy  and  certain ;  or  becaufe  this 
nitrous  gas  has  been  found  to  be  one  of  thcrfft 
which  anfwers  beft  in  experiments  of  this  kind 
It  may  be  conceived,  that  this  property  arife 
from  the  copper  not  being  fo  greedy  of 
oxigen,  and  not  abforbing  it  in  fuch  abundance 
and  in  fo  folid  a  ftate,  as  zinc,  tin,  or  iron 

does; 
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does ;  whence  it  does  not  ib  completely  decom* 

pole  the  acid  of  nitre,  and  feparate  from  it  its 

radical,  or  azote,  alone,  or  caufe  the  nitrous 

acid  to  be  nuxed  with  more  or  lefs  azote  gas, 

as  happens  with  the  metals  I  have  mentioned^ 

It  is  for  the  fame  reafon,  that  the  nitric  foln<» 

tioH  of  copper  affords  no  traces  of  ammonia 

on  the  addition  of  lime,  while  the  folutions  of 

the  metals  abovementiohed  by  the  fame  acid 

do  it  fo  frequently :  thefe,  in  faS,  very  often 

<=Iccompofe  the  water  at  the  fdme  time  as  the 

itric  acid ;  but  the  copper,  which    does  not 

^parate  all  the  oxigen  from  this  acid,  b,  fortiori 

^^sttinot  eiFe&  the  decompofition  of  water. 

63.  In  proportion  as  one  part  of  the  nitric 
cid,  which  is  decompofed,  yields  its  oxigen 
the  copper,  this,  being  reduced  tof  ihe  ilate 
oxide,  diffolves  in  the  other  part  of  the  acid, 
>^hich  is  not  decompofed :  the  folution  is  at 
firft  of  a  pale  blue,  and  as  it  were  mixed,  with 
A*  white  powder,  but    foon    aCTumes    a    mor^ 
^>rilliant  hue,  and  becomes  perfedly  tranfparent : 
tie  copper  that  remains  at  the  bottom  is  oxided 
of  a  deep  brown  or  black  on  its  furface.     The 
Came  folution  may  be  obtained  with  the  oxides  . 
of  copper,    which    are  extremely  foluble  in 
nitric  acid.     This  acrid  and  (lyptic  folution, 
being  evaporated  flowly,  yields  elongated  paral- 
Wopiped  cryftals.     If  evaporated  with  lefs  cau- 
tion, it  affords  only   fine  or  needled  prifms, 
cluftered  and  compared  together  in  a  fort  of 
^^iated  bundles,  the  figure  of  which  it  is  im- 

poflible 
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pofiiblc  to  determine.  ;  Accordingly,  fonae  chc-. 
miftshave  defcribed  them  as  hexahedral  pTiftas, 
others  as- tetrahedral ;  and  fome  have. faid,  that 
the  nitric  falution  of  copper  does  not  cf yftallize 
at  alL.  The  nitrate  of  copper  thus  obtained  ia 
of  a  brighter  blue  than  the  fulphate  of  the  fame 
metal:, it  is  fo  aiCfi4  and  fo  cauftic,  that  it 
may  be.ufed.  for  corroding  excrefcences  and 
fungous  fleih.  It  is  fufible  at  25  or  30  degrees 
of  Reaumur'.i^  thermometer  :  and  as  it  dries  on 
the  burning  coate,  ot\  which  it  is  put,  it  de-r 
tonates^.  or  inflame?  th^mflightly  at  its  edges. 
Paper  dipped  in  its  folution,  and  dried,  buyns 
with  fcintillation  in  a  flight  degree  of  heat. 
The  nitrate:  gf  copper  melted  in  a  crucible  ex- 
hales much  I^tro^3  vapour:  fome  chemiftshave 
^iredefj  iv^:tQbe;diflfilled,  for  obtaining  from  it 
the  f^niipg  ^cid:  after  having, given  out  its 
:water  and  its; acid  partly  decompofed,  it  leaves 
an.oxide>  of  a  very  deep  and  very  brilliant 
green  pn  its  furface,  while  at  the  bottom, 
where  it  has  been  moft  heated,  it  is  of  a  chefnut 
4?oloiir.  The  nitrate  of  copper  ftronglj  attrafls 
the  moifture  of  the  air :  it  is  very  foluble  in 
w^ter :  cxpofed  a  long  time  to  dry  air,  and  left 
to  evaporate  fpontaneoufly,  its  folution  is  de- 
ficcated,  and  changed  to  a  green  powder. 

^4-  Earths  and  alkalis  in  general  precipitate 
the  folution  of  nitrate  of  copper  in  a  blueiih 
white  oxide,  whiph  becomes  green  in  the  air. 
Slaked  lime,  thrown  in  powder  into  the  folu- 
tioTi   has  the  property  however,  not  merely  of 

preferving 
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pr^ierving  the  blue  colour  of  the  oxide  it  prc^* 
cipitates^    bat  of  enlivening  it,  renclering  it. 
bluer,  and  remaining  combined  with  it  under.. 
the  form  and  in  the  ftate  of  verditer,    England- 
alone  has  long  produced  this  as  an  article  of 
trade,  which  is  a  colour  much  employed  in  the 
fabrication  of  paper  hangings*     Ptlletier  has 
defcribed  its  analyfis,  and  given  the  mode  of 
preparing  it,  in  the  Annals  of  Chemiftry*    ^a 
hundred  parts  of  fine  Englifli  verditer  yielded 
him  fifty  of  copper,  thirty  of  carbonic  acid, 
ten  of  oxigen,  feven  of  lime,  and  four  of  water. 
For  preparing  it  he  dire6ls  us  to  diffolve  copper 
without  heat  in  diluted  nitric  acid;  to  add 
Jime  in  powder  to  the  folution,  and  ftir  the 
mixture,  that  the  decompofition  may  take  place 
quickly ;  to  put  more  nitrate  of  copper  than  is 
neceffary  to  obtain  a  pure  oxide  of  this  metal  j 
to  decant  the  liquor,  waih'the  precipitate  well, 
drain  it  on  a  linen  cloth,  and  afterward  levigate 
it  on  a  ftone  or  in  a  mortar  with  quick  lime, 
of  which  from  feven  to  ten  parts  are  gradually 
to  be  added  to.  a  hundred  of  the  precipitate, 
which  immediately  changes  the  colour  from  a 
faint  green  to  a  blue;  to  try  the  colour  of  it, 
by  drying  a  little  in  the  air  and  in  the  fun ; 
to  ufe  a  little  water  in  mixing  and  levigating 
it,  if  it  be  too  dry  ;  and  to  dry  it  in  the  open 
air.     In  this  operation,  it  was  at  firft  thought, 
.  that  the  oxide  of  copper,  already  turned  green 
by  the  air  when  expofed  to  it  alone,  returned 
to  a  blue  from  a  r^ trqgradation  of  its  ox;ded 
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ftat^  in  cotiieqMnbe  of  the  admixture  6f  lime; 
{lopped  at  this  (late  of  oxidation  by  the  help 
6f  this  earth;  and  abforbed  with  it  even  a 
pretty  coniiderable  portion  of  the  carbonic  acid 
of  the  atmofphere^  But  though  this  partial 
4ifoxidation9  confidered  as  the  efieft  of  the 
lime  on  the  green  oxide  of  the  copper,  ap- 
peared to  remain  fome  time  in  this  fiat^  it 
was  not  confidered  as  very  dtirabib,  fince  it 
was  found  that  all  paper  ftained  with  this 
yerditer  at  length  acquired  a  greeniOi  tinge^ 
and  even  became  wholly  green  after  having 
been  expofed  for  fome  months  to  the  ain 

05.  A  ftill  more  fpecdy  difoxiding  effetft  *as 
admitted  in  ammonia,  when  employed  to  dc- 
compofe  nitrate  of  copper.  At  fir^  u  pulveru- 
lent precipitate  of  a  blueifh  Avhite  is  obferved, 
which  on  the  addition  of  a  little  more  ammonia 
difappears,  re^diffolves,  and  imparts  to  the  liquor 
a  blue  much  more  intenfe  than  that  of  the  for- 
mer nitric  fplution.  Stahl  had  faid,  that  this 
ammoniacal  folution,  being  expofed  to  the 
fire,  detonates  like  fulminating  gold:  but  i 
Bergman  could  not  obtain  the  fame  eiFe6t  Pure 
fixed  alkalis  do  not  operate  in  the  fame  manner: 
they  neither  give  a  blue  coloiir  to  the  oxidf 
of  copper,  which  they  feparate  from  this  folu- 
tion,  nor  do  they  re-diffolve  it.  The  alkaliue  - 
fulphurets  and  the  hidro-fulphurets  decompofe  ! 
nitrate  of  copper,  forming  with  it  a  reddrfl 
T>rown  precipitate.  Sulphuric  acid  decompofes 
this  fait,  and  forms  with  it  fulphate  of  copper. 
3-  Mpft 
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Moil  of  the  faltS)  and  particularly  the  alkaline 
fulphates,  phofphates^  borates/ and  carbonates 
decompofe  it  Several  metals,  iron  efpecially, 
precipitate  its  copper  in  the  metallic  date,  by 
taking  from  it  the  oxigeni  for  which  they 
have  a  greater  affinity.  Higgins  has  obferved^ 
and  defer i  bed  in  the  Philofophical  Tranfa£tions^ 
Vol,  63,  p.  1,  a  very  remarkable  phenomenon 
produced  on  nitrate  of  copper  by  tin.  If  cryf- 
taU  of  nitrate  of  copper  a  little  moift  be  put 
into  a  piece  of  tin  beat  into  a  little  cup,  they 
attraft  the  humidity  of  the  air:  the  humid 
part  attra(6ls  the  tin,  and  colours  it  brown  by 
precipitating  the  oxide  of  copper:  heat  is 
generated:  a  copious  nitrous  vapour  is  6iC* 
engaged ;  the  matter  at  length  t&kes  fire  with 
explofion :  and  if  the  tin  were  very  thin,  it  is 
torn  by  the  kind  of  deflagration  which  takes 
place  in  this  experiment.  We  difcover  here 
the  efFed  of  the  great  affinity  tin  has  for  oxigen, 
and  the  energy  v^ith  which  it  attra6ls  it,  either 
from  the  nitric  acid,  or  from  the  oxide  of  Cop-^ 
pen 

66.  Such  were  the  notions  refpefting  the  pro- 
perties of  the  nitrate  of  copper,  that  had  been 
adopted  from  the  new  principles  of  the  pneu- 
matic fyftem,  and  from  the  experiments  of 
Citizen  Guy  ton  and  of  Pelletier  on  it,  when 
Mr.  Prouft)  in  fome  particular  refearches,  (tranf- 
mitted  to  the  Inftitute  about  the  end  of  the 
year  9,)  propofed  feveral  modifications  of  thefe 
notions,  an4  offered  fome  more  precife  and  ac^ 

curate 
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curate  ideas  on  the  fubjed  of  thefe  cupreous 
.  compounds..    To  form  a  juft  conception  of  the 
refult  of  his  labours,  we  muft  keep  in   mind, 
that  he  admits   but  one  invariable  degree,  of 
oxidation  in  copper,  whether  burned  by  the 
aclion  of  air,  or  by  that  of  acids,  or  by  any  of 
the  means  employed  to  unite  it  with  oxigen. 
It  muft  be  remembered,  that,   admitting  folely 
the  oxide  of  copper  with  0,20  of  pxigen,  or 
one  fifth  of  its  weight  of  this   principle  he  re^ 
j^^s  altogether  the  diftindion  of  brown,  blue, 
^nd  gr^eu   oxides,  which    had  been    formerly 
adopted  by  Citizen  Guyton  ;  and  which  I  my- 
felf  had  embraced,  as  perfedly  confonant  with 
all  the  properties,  and  all  the  phenomena,  ex- 
hibited by  copper  in  its  numerous  combinations. 
Though  I  am  not  entirely  convinced,  that  there 
is  in  fa6l  but  one  oxide  of  copper ;  becaufe  this 
tnetal  conftantly  changes  its  colour,  and  paffes 
in  fucceffion  from   brown   to  blue,  and  from 
]?lue  to  green,  by  oxidjng  proceffes;  becaufe 
by  difoJ^iding  proceffes  it  is  made  to  take  the 
fame  tints  in  the  oppofite  progreflion ;  and  be^ 
caufe  Mr,  Prouft  has  not  madp  known  the  me- 
thods of  analyfis,  by  which  he  always  founcj 
thefe  0,20  of  oxigen  in  every  oxide,  which  he 
fays  he  examined :  neverthelefs,  as  I  am  equally 
unacquainted  with  the  precife  rpfults  refpe6ling 
the  different  proportions. of  oxigen,  exifting  in 
the  divers  oxides,  admitted  :prior  to  the  labours 
pf  the  able  chemift  of  Segovia,  I  acknowledge, 
at  leaft,  more  accuracy  in  his  new  data;  and 

ad- 


admitting  with :  him,  that  copper  oxides;  only 
to  0,20  pf  oxigen,  I  ihall  proceed  to  relate  th« 
principal  points  of  His  experiments  on,  hitrjate  of 
oopper  and  its  precipitates. 

67 •  On  diftilling  a  nitric  folution  of  copper,  ac- 

cordii;ig  to  this  chemift,  water  and  the  excefs  of 

acid  are  obtained.  The  condenfed  fait  adheres  to 

the  retort .  in  a  green,  lamjellated,  infoluble  cruft  j 

from  which.a  lp.rge  quantity  of  boiling  water  cau 

take-upnothing  that  fulphurated  hidrogen  will 

render  perceptible.     On  being  heated  ftrongly, 

thif  titrate  of  copper,  ^xX^Ci  2^  minimum  of  acid, 

lofcs  this  acid,  and  13^  reduced  to  0,^67  of  black 

oxide,     Pot-afli  aflifted  by  heat  equally  reduces 

itto  theftate  of  black  oxide,  by  taking  from  it 

its  acid.    Jt  contains  0,67  pf  this  oxide,.  0,1 6 

of , acid,  .^4  A  ^7  of  w;ater,    .'yhe  nitrate  >fith 

e3|;9ie)[^;Qfac^^,  on  the  other  hand,  contains  but 

9,^7pf  bl^kjpxtde.o.|  ;A]ti  hundred  part^s.of  qop- 

:P??>:j^J?^*^4^>*'?*^:•^^^^riq^cid,'  ,aud .  .redu^'ecj  ,^to 

th?  fiate  pf  oxi^e  by  theaftion  of. heat,,, afford 

» 1^*5*  parts  of  this  oxide: .  which,  lead$  Mr.  Prouft 

to  affif;^!^  thatcopfier  is  not  burned  more  by  nitric 

.acid,;tlv|n;by  other  means.:  Nitrate  of  copper 

atthfi^fpfia^imtfm^qf  SLCid  yields  a  precipitate  with 

a.fmall  quantity  pf  pot-alh,-  which  paffes  from 

blue  to  gree?^.  and  which  }s  nothing  but  nitrate 

at  the  minimum  of  aqid,  or  with  excefs  of  oxide. 

.l£fin  thecpnttraiy  mt^  throw  the  fpvmer  cuprwus 

iiilt  ,into  pQt-aflj..  wpU  diluted,  and  ia  fufficieat 

abunda,nce  to  predominate,  W£  have  a  bulkjr 

precipitate, 
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ft^veht   me    from   abfolutely   admitting    hts 

"hidrate  of  copper;  k  fort  •  of  combination  of  a 

metallic  oxide  with  'H^iteTj'hi^icb  is  analogous 

'torio  othet  compound  }^et  knoVv^h,  and  tbe  tef^ 

xnination  of  which  in  ate^  pfopofed  ty  the  pfo- 

feflbr  of  Seg'ovia,  would  perhaps  infer,  if  its  ex- 

iftence  were  proved,'  to^  dire6l  a  relation  to  the 

Compounds  of  *the  powerful  acids.     This  fubjeS 

therefore  ftill  dderves  to  be  refumcd  and  ex- 

"amined  with  muth  Care  by  chemiils:  fo^r^  if 

iheir  farther  refearches  fhould.  aiccord  with  thofe 

of  Mr.  Prouft,  they  may  be  extended  to  moft 

'other  metallic  fubftances,  which  ought  to  exhi- 

"bit  analogous  c6mblnations- 

69.  Tlie  muriatic  acid  attacks  coppef,  and 
diffolves  it,  if  it  be  Concentrated,  and  affified 
by  heat.  During  this  folution  a  weak  effcr- 
vefcencci  and  a  flight  evolution '  of'  hidrogen 
gas,  take  place.  As  it  cannot  be  effe6led  with- 
out beat,  a  portion  of  the  itouratic  acid. flies  off 
in  gas ;  and  the  firft  experimentaliils  who  exa- 
mined the  elaftic  fluids  produced  during  its  fblu- 
tions  of  difierent  metals^  have  mentioned  this 
gas  only.  The  water  however  is  4ecomppfed: 
and  the  copper  appears  to  be^  more  oxided^  or  at 
-ieaft  brought  to  a  differ ent  ftatc  £rom  trhat  it  is 
by  the  fulphuric  and  nitric^  aiids,  fince  it;af« 
•fumes  a  green  colour, ' while  it  i^  blue,  iir its 
combinations  ^vith  the  latter  acids«  ''In :Mi . 
way  we  obtain  a  folution  of  iiriparb  grecn,'^  ly  ■ 
wliich  it  is  diflinguifbed.ftbm  thofii  4of  the  M 
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phate  and  nitrate  of  copper  :  and  it  is  procivred, 
inftantly,  tvithout  commotion^    without  heat> 
without  effervefcence,    on  throwing  green   or 
blue  oxide  of  copper  into  muriatic  acid,  even  if 
a  little  diluted  with  water.     On  evaporating 
this  muriatic  folution  of  copper,  it  affords  when 
it  lias  become  thick,  and  when  it  is  left  to  cool 
•flowly,  elongated  fquareprifmatic  cryftalsj  or 
ftnall  long  needles,  compared  together  or  in 
confufed  bundles,  of  a  very  brilliant  and  very 
lively  grafs  green.     This  fait  is  very  acrid  and 
cauftic  ;  it  melts  with  a  gentle  heat :  it  fixes  in 
fX  mafs  on  cooling  :  a  very  powerful  heat,  long 
continued,  is  requifite  to  decompofe  it,  and  ex- 
pel the  muriatic  acid.     It  ftrongly  attrafts  the 
moiflure  of  the  air,  and  foon  becomes  like  a 
.thick  oil.     It  is  not  alterable  by  the  fulphuric 
or  nitric  acid*     It  emits  very  copious  fume^^ 
when  expofed  to  ammoniacal  vapour.      The 
alkaline  re-agents  decompofe  it,  and  precipitate 
from  it  an  oxide  of  a  blue  white,  which  be- 
comes green  in  the  air.     Lime  preferves  its  firft 
tint,  and  forms  with  it  a  fine  verditen      Am- 
monia re-difTolves  it  into  a  blue  hquid,  a  little 
lefs,  brilliant  however  than  it  makes  with  the 
-  iulphate  or  nitrate  of  copper.    Several  metals, 
:    particularly  zinc  and  iron,  precipitate  from  it 
•jthe  copper  in  a  metallic  ftate^    The  fulpljuric 
•  and   nitric  folutions  of   moft   of   the    white 
:,  metals  form  with  its  folution  fulphate  or  ni- 
*    Jlirate  of  copper,   and  white  infoluble  metallic 
^*  muriates. 

i        70.  To  thefe  fa6ls  refpedting  the  muriate  of 
'  Vol.  Vr.  ,    Cc  copper, 
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copper,  generally  admitted  by  all  the  chcmifts 
who  have  turned  their  attention  to  it,  I  ought 
to  add  the  late  obfervations  of  Mr.  Prouft. 
After  having  purified  and  cryftallized  this  fait  by 
means  of  alcohol,  he  decompofes  it  by  pot-aft, 
and  nitrate  of  filver.  The  firft  pointed  out  to 
him  the  proportion  of  oxide;  the  fecond,  that 
of  muriatic  acid.  He  found  in  it  40  parts  of 
black  oxidi*  of  copper,  24  of  acid,  and  36  of 
water.  According  to  him,  this  fait  may  bediftil- 
led  to  drynefs,  without  undergoing  any  alter- 
ation;  but  on  urging  the  fire,  part  of  its  acid 
is  expelled  in  the  ftate  of  oxigenated  muriatic 
acid  ;  and  the  copper  is  reduced  from  0,25  of 
oxidation  to  0,17,  and  forms  a  white  muriate 
of  a  particular  kind.  From  this  fingle  obferva- 
tion  of  the  Segovian  profefTor,  may  we  not  be 
induced  to  believe,  contrary  to  his  own  opinion, 
that  copper  is  fufceptible  of  feveral  degrees  of 
oxidation;  that  the  oxigenated  muriatic  acid, 
obtained  in  the  experiment  he  adduces,  is 
owing  to  this ;  and  that,  if  the  metal  be  dif- 
oxided  in  this  inftance,  there  is  reafon  to  believe, 
that  it  exhibits  the  fame  phenomenon  on  many 
other  occafions?  The  muriate  of  copper,  treated 
with  a  little  pot-afh,  yields  a  green  precipitate^ 
which  is  muriate  with  a  minimum  of  acid :  if 
the  alkali  predominate,  we  obtain  the  blue 
oxide,  which  Mv.  Prouft  terms  hidrate  of 
copper.  This  metal  treated  with  the  nitro^m^ 
riatic  acid,  furnifhes  fpontaneoufly  ^  muriate  it 
the  minimum  of  acid,  in  a  green  powder,  wbicb 
contains,  according  to  this  chemift,  79  'parts 

4  of 


©f  Ibkck  o^ide,  Igi  of  muriatic  acidj  and  8^ 
of  ;w»tef.  Pa  this  .oqcafioa  he  giyes  the  ana-; 
13^  of  liwo  »atiy;e  muriates  of  copper,  one  of 
Chili,  the  other  of  Peru ;  the  firft  contains 
black  oxid|9  7^1  acid  10,  water  12;  thefecond, 
£^Kide  70,  acid  11,  water  18.  Treated  with  fire, 
i^nd  with  pQt-aili  in  different  qufiiitities, 
they  a^  preciiely.a^  the  artificial  j^iuriate  of 
Cii^per. 

71,.  71^3  oxigenated  muriatic  acid  oxide^ 
copper,  difToly^s  it  without  effervefceuce,  and 
forms  a  green  fait  fimilar  to  the  preceding*  Wp 
know  jaotl^ng  of  apy  combination  between 
oxide  of  copper  and  oxigenated  muriatic  acid, 
or  fuper-oxigenated  muriate  of  copper :  and,  ou 
the  contrary,  we  remark,  that  on  diftilling  com- 
mon inuriatic  ^cid  from  green  pxjde  of  copper, 
oxigenated  muriatic  acid  is  difengaged  by  the 
j|6lio»  of  heiit,  as  I  have  noticed  in  the  hiiftory 
^f  die  icupreous  fand  of  Peru,  which  ondiftilla- 
tion^  and  in  proportion, as  the  oxigenated  mu- 
riatic acid  is  extricated,  leaves  an  oxide  of  cop- 
per of  a  brown  colour,  or  nearly  approaching 
the  metallic  ftate.  This  obfervation  has  finoe 
been  confirmed  by  Mr.  Prouft. 

72.  The  phofphoric  acid  is  not  decomppfed  by 
copper  ;  but^  when  it  has  remained  fome  time  on 
this  metal,  it  favours  its  oxidation  by  water  or 
by  the  air,  and  thus  forms  a  phofphate  of  cop- 
per, but  little  foluble.  This  fait  is  obtained 
immediately  by  pouring  folutions  of  alkaline 
phofphate&into  thofe  of  mofi:  of  tlie  preced;ing 
falts.     A    double    decompofition  then   take^ 

C  c  2  place ; 
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place :  the  phofphoric  acid  fixes  on  the  oxide 
of  (Sopper,  with  which  it  forms  an  almoft  infolu-^ 
ble  precipitate  of  a  greeniih  cupreous  phofphate. 
The  properties  of  this  fait  have  not  yet  been 
examined:  we  only  know,  that  heated  in  a 
crucible  with  charcoal,  it  gives^  a  very  brilliant 
grey  phofphuret  of  copper ;  and  that  it  is 
this  combination  which  is  frequently  found  in 
little  grains  among  the  refiduum  left  after  the 
'diftillation  of  phofphorus,  when  it  is  made 
with  phofphoric  acid  that  has  been  evaporated 
in  copper  veiTels/  as  I  have  already  faid  above. 
We  are  equally  unaaquainted  with  the  phofphite 
of  copper. 

73.  The  fluoric  acid  eafily  oxides  and  dif* 
"folves  copper.  Its  oxidation  is  eflfedled  here  as 
with  the  muriatic  acid,  by  the  help  of  the  wa- 
ter, which  is  decompofed,  and  yields  to  it  its 
oxigen.  The  properties  of  this  combination 
have  not  yet  been  examined.  The  fame  may  be 
faid  of  that,  which  it  is  capable  of  forming 
with  the  boracic  acid.  The  laft  is  chiefly  ob- 
tained by  pouring  folutions  of  borates  into 
thofe  of  copper  by  almoft  any  of  the  preceding 
acids.  A  greeniih  precipitate  takes  place,  veiy 
little  foluble,  which  all  the  acids  decompofe, 
and  from  which  they  take  the  oxide  of  copper. 

74.  The  carbonic  acid  has  no  adion  upon 
copper,  either  in  its  ftate  of  gas,  or  in  a  liquid 
form.  It  is  readily  abforbed,^  however,  by  the 
blue  or  green  oxides  of  this  metal:  and  this  19 
what  happens  in  the  natural  .oxidation  of  cop- 
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per,  in  the  formation  of  verdigris,  which  is 
merely  carbonate  of  copper,  and  in  that  of 
mountain  green,  filky  copper,  and  malachite, 
which  are  the  fame  fait  in  different  ftates  of  con- 
denfation,  compaftnefe,  cryftallization,  &c.  We 
fee,  too,  with  what  rapidity  this  union  takes 
place  in  the  precipitation  of  different  falts  of 

•  copper  by  alkaline  carbonates,  and  how  much 
carbonic  acid  is  abforbed  by  the  oxide  of  cop- 
per ;  fiiice,  when  it  is  vprecipitated,   no  effer- 

>  vefcence  takes  place.  The  analyfis  of  the  native 
carbonates  of  copper  praves,  that  they  contain 
morecarbonic  acid  than  moft  of  the  other  metal- 
lic falts  formed  by  the  fame  acid.  Mr.  Prouft 
has  found,  that  an  hundred  parts  of  copper,  dif- 
folved  in  an  acid,  afforded  with  carbonate  of 
pot-afli,  or  foda,  an  hundred  and  eighty  part3 
of  green  carbonate  of  copper,  which  contained 
an  hundred  parts  of  copper,  twenty-five  of  ox- 
igen,  forty-fix  of  carbonic  acid,,  and  ten  of 
water.  To  prepare  this  fait  of  a  brilliant  and 
uniform  colour,  it  ihould  be  precipitated  with 
boiling  water,  the  veffel  fhould  be  placed  in  the 
fun,  and  the  fait  fliould  be  walhed  with  great 
care.  The  native  carbonate  of  copper  cohCfts 
of  the  fame  proportions  as  the  artificial. 

75.  The  metallic  acids  have  a  more  or  lefs 

.  decided  aftion  on  copper.  Scheele  has  defcribed 
that  of  the  arfenic  acid  with  confiderable  accu- 
racy. By  digefting  this  acid  on  copper  with 
water,  a  green  foliition  is  made,  in  which  there 
js  a  precipitation  of  a  blueifli  white  powder, 

confifl;ing 
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C6niiftin^  6f  arfenic  acid  and  oxide  of  dopptf. 
One  part  of  copper  filings  being  heated  in  are- 
tort  with  two  parts  of  dry  arfenic  acid,  thqi' 
melt  eafily  ;  arfenious  acid  is  fublimed  into  the 
neck  of  the  retort,  and  there  remains  a  blue 
melted  mafs,  foluble  in  water,  '^^^hich  precipi* 
tates  from  it  a  white  powder*'  The  alkaline  ar- 
feniates  precipitate  all  the  other  folutions  of 
copper  of  a  blue  colour.  This  arfeniate  of 
copper  fufes  in  a  cruci^ile,  with  a  ftrong  heat, 
into  a  brown  fcoria,  which,  on  being  heated 
with  charcoal,  yields  fubh'med  arfenic  ^nd  pure 
copper.  The  drfenite  of  pot-afli,  which  Mac- 
quer  termed  liver  of  arfenic^  poured  into  a  fo* 
lution  of  fulphate  of  copper,  forms  a  precipi- 
tate of  a  very  rich  green,  which  Scheele  pro- 
pofed  to  ufe  as  a  paint,  becaufe  it  does  not 
change  in  the  air.  This,  which  is  called  Scheele's 
green,  is  a  true  arfenite  of  copper.  The  fol- 
io wing  are  the  proportions  recommended  by  the 
Swedifli  chemift  for  this  ufeful  preparation, 
Diflblve  a  pound  and  a  half  of  fulphate  of  cop- 
per in  fixteen  pints  of  hot  water;  pour  this 
hot  folution  gradually  into  another  folutibn, 
equally  hot,  of  a  pound  and  half  of  pot-aih 
and  ten  ounces  of  arfenious  acid  in  five  pints 
of  water:  Ihake  the  mixture,  let  it  ftand  to  fet- 
tle for  a  few  hours,  pour  off  the  clear  liquor 
from  the  green  precipitate  formed;  wafli  the 
infoluble  precipitate  well  with  cold  ^vate^,  then 
dry  it  by  a  gentle  heat,  and  keep  it  for  ufe* 
The  proportions  here  given  will  yield  nearfy 

one 
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one  pound  two  ounces.  The  waters  poured  off 
m  this  operation  muft  be  thrown  far  froii^ 
places  where  animals  live,  becaufe  they  liolcj 
arfenic  in  folution. 

76,  The  tungftic  acid  does  not  combine  with 
copper  unlefs  the  metal  be  oxided.  It  precipi- 
tates the  fulphate  of  copper  white.  We  know 
not  the  combination  of  the  molybdic  acid. 
Citizen  Vauquelin,  in  his  difcovery  of  chrom* 
and  the  chromic  acid,  found  that  it  precipitated 
the  nitrate  of  copper  of  a  chefnut-red,  the  co* 
lour  of  the  chromate  of  this  metal, 


I.  ASion  on  the  Saleable  Ba/es  and  Salts. 

77.  There  115  ho  other  a6lion  or  other  uinion 
between  the  earths  and  copper,  than  that  which 
is  obtained  by  vitreous  fufion.  It  forms  a  glaft 
jnoft  frequently  of  a  brilliant  green  colour ;  but 
fometimes  it  is  of  a  chefnut-red,  or  a  more  or 
Jefs  brilliant  brown :  this  depends  folely  on  the 
ftate  of  the  oxide,  which  is  taken  for  this  vU 
trification.  It  is  almoft  always  for  obtaining 
different  fliades  of  green,  that  it  is  employed 
in  the  manufadlure  of  porcelain,  different  kinds 
of  ^earthen  ware,  and  coloured  glafs, 

78.  The  fixed  alkalis,  diffolved  in  water,  di- 
gefted  with  filings  of  copper,  and  then  left  to 
become  cold  on  this  metal,  favourits  oxidation. 
They  acquire  a  light  blue  tinge,  and  the  copper 
itfelf  affumes  this  colour ;  biit  very  little  of  it 
diffolves,  and  \fe  can  fcareely  find  any  trace  of 

it 
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it  in  the  fuperna*ant  liquors :  befides,  they  pre- 
ifentty  let  fell  the  fmall  portion  of  oxide  of 
copper,  which  they  diffolve.  In  thefe  opera- 
tions we  obferve,  that  the  conta6l  of  air  con- 
tributes greatly  to  the  oxidation  of  tjie  metal, 
as  it  is  very  flight,  or  fcarcely  takes  place,  in 
clofe  veflels, 

79-  Of  all  the  alkaline  fubftances  ammonia 
has  the  moft  decided  aftion  on  copper.     This 
a<^ion  has  long  ago  been  noticed  and  defcribea 
by^  every  chemift. '-   Liquid  ammonia,  digefted 
with  filings  of  this  metal,  acquires,  when  af- 
fifted  by  the  contact  of  air,  a  brilliant  blue  co- 
lour, of  the  moft  beautiful  tint.     It  diffolves 
but  a  very  ftnall  quantity,  however,  of  cupre- 
OUStiOxide.     I  have  obferved  the  phenomena  of 
this  oxidation  and  folution  for  the  fpace  of  a 
year.     Having  fopie  liquid  ammonia  flandiog 
on  copper  filings  in  a  fmq-11  phial,  and  having 
frequently  uncorked  the  phial  to  admit  the  air 
from  time  to  time  to  come  into  contact  with  the 
liquor,  I  perceived  ^t  the  expiration  of  fome 
months,  and  after  the  liquor  had  aiTumed^  bril- 
liant blue  colour  at  repeated  times,  that  the  fur- 
fice  of  the  metal  was  covered  with  a  blue  oxide; 
the  fides  of  the  phial  were  cpated  with  a  pale 
blue  oxide  of  copper,  and  its  lower  part,  where 
the  greater  part  of  the  copper  ftill  remained  in 
filings,  exhibited  iindpr  the  flight;  cpat  of  blue, 
whi^h  covered  it,  a  light  brown  powder,  the 
fmface  of  which  wfis  yellowifli :  fothatthe  me- 
tal appeared  to  be  either  in  two  ftates  of  oxida- 
tion 
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%ion^  or  an  o;^ide  combined  and  aketed  itt  Wq 
difTereut  manners;  I  found, that^ when  theli^iii«^ 
loft  colour  in  the  phi^l  clofely  ftc^ped,  whioh 
however  it  never  did  fo  far  as  to  be^me  c}^9#! 
and  colourlefsy  this  wa$  owing  to  the  precipil«r 
tion  of  part  of  the  oxide  of  copper ;  and  that, 
when  It  refumed  a  deeper  Jtint  in  the  air,  this  was 
becaufe  it  abforbed  from  it  a  portion  of  oxigen, 
and  the  copper  became  foluble  in  the  ammonia^ 
and  acquired  by  this  folution  the  fine  blue  co^ 
lour  which  charafilerizes  it.  Without  alternately 
expofing  this  liquor  to  the  contadl  of  air,  and 
withl]olding  it  from  it,  if  it  be  taken  at  any 
given  degree  of  colour,  and  inclofed  in  a  bot- 
tle which  it  fills  completely,  it  lofes  nothing  of 
its  tint,  but  remains  perfeftly  in  the  fame  ftatei; 
in  which  it  was  at  firft.     This  was  the.  cafe 
in  the  experiment  of  Mr.  Wafferberg,  who  put 
this  light  blue  |folution  into  a  tube  .blown  With 
a  bulb  which  he  completely  filled,  and  felled 
hermetically.  In  nine  months  this  liquor  undexr^ 
^  went  no  alteration    of  colour ;  the  reafon  of 
which  appears  from  what  I  hav?  faid, 

t^.  On  flowly  evaporating  the  ammoniacal 
Iblution  of  copper,  the  greater  part  of  the  am-r 
mpnia  feparates  in  the  fonn  of  gas ;  a  fmall 
portion  only  remains  fixed  with  the  oxide  of 
copper,  and  feveral  chemifts  fay,  that  it  will 
yield  tranfparent  cryftals  of  a' fine  blue  colour^ 
fimilar  to  the  native  a^ure  of  copper.  But  there 
is « a  great  difference  between  thefe  two  fub^ 
ftances :  and  fQwe  modern  che«iift$  ^fert,  that 


Uie  pttr^  ammoniacal  foluti^n  of  copper  ntvct 
eryMiMitS'i  iftixturcs  of  aeid  falts  of  copper, 
precipitated  and  re-diffolved  by  ammonia,  which 
ki  reality  fumifh  cryftals  of  triple  falts,  having 
be«ti;  confounded  with  it.  In  fad  this  folution 
in  a  pure  ftati,  dries  on  expofute  to  the  air,  and 
becomes  a  more  or  lefs  brilliant  gteen,  in  pro- 
portion as  theJ  diflipation  of  the  ammonia  leaves 
the  oxide  bare,  which  gradually  abforbs  the 
carbonic  acid  •  of  .  the  atmofphere.  The  fame 
atnttioniacar  folution  of  copper,  faturated  t6  the 
higlieft  degree  poffible,  leaves  only  fome  veftiges 
of  a  blueifli  grey  precipitate  with  acids:  an4 
thefe,  if  ever  fo  little  in  excefs,  occafion  its 
fine  blue  colour  to  difappear  entirely,  and  give 
it  a  very  pale  green. 

8 1 .  The  green  oxide  of  copper,  brought  into 
Conta61;   with   ammonia,  inftantly  turns   blue, 
This  aftion,  which  was  fuppofed  to  be  a  com- 
mencement of  difoxidation,   but  which   may 
be  nothing  but  a  iimple  union  of  ammonia,  is 
much  ftronger,  and  proceeds  much  further,  if 
.  heat  be  employed.     In  this  cafe  azote  gas  is 
extricated :  the  hidrogen  of  the  ammonia  at- 
tacks the  oxigen  of  the  oxides,  and  forms  with 
it  water :  the  oxide  changes    to   brown,  and 
ultimately,  even  to  the  complete  metallic  ftatc. 
Citizen  BerthoUet  employed  this  experiment  to 
difcover  the  nature  of  ammonia,  and  to  deter* 
mine  the  proportion  of  its  principles,  by  that 
of  the  azote  evolved  in  gas. 

a.  Though  copper  eafily  rufis  and  becomes 
c5dVered  with  verdigris  by  the  action  of  faline 
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tiiattefs  ^ith  tvWcli  it  is  moiftened,  or  in  .idiidi 
it  is  iramerfed,  it  has,  lieverthelefe,  a  reif 
xreak  afition  on  moft  of  the  falts.-  vlt  does  nqt 
dMompofe  the  fulphates  either  by  heat  or  hf 
coW.  Wh^n  left,  if  boiitd  with  a  folution  rf 
aliim,  it  is  oxided  and  parti jr  diffolved  on  acv 
count  of  the  cxcefs  of  fulphuric  acid  contaimM 
Stfthe  fait.  It  appeals  alfo>  that  the^fulphataof 
copper  which  is  formed  in  thir  cafe,  unites  into 
i  triple  fait  w^ith  the  fulphate  of  alumine  and 
frbt-afli,  as  it  lUiites  with  the  fulphates  of  zmc 
and  iron  equally  into  triple  falts.  *  ^t  is  on  thift 
account  that  the  alumine,  J>i*ecij>ita*^d  feom 
alum,  the  folutian  of  which  h^  remained  for 
fome  time  in  veflels  of  copper^  has  a  (light  blue 
tinge.  -•  J 

83.  Thehitratesi  and  efpeci ally  thatdf  pbt* 
afli  or  common  nitre,  burn  copper,  andoxidateil, 
but  without  fenfible  inflammation  or  detona* 
tion  ;  only  flight  feint  illations  take  place  wheft 
the  copper  is  fufed  and  red,  or  when  the  copper 
Is  thrown  in  finfe  fillings  upoti  fufed  nitre  in  a 
Crilcible.  By  this  procefs,  there  is  formed  a 
brown  bkide  of  copper  mixed  with  pot-aih; 
When  we  wafli  it  with  water,  the  alkali  is  dif*- 
foived,  and  there  remains  only  pure  oxide  of 
copper,  which  is  prepared  in  this  manner  for 
ifevc^al  of  the  arts,  and  e^ecially  for  the  fabrica- 
tion of  enaiiiels.  This  kind  of  oxide  f ufdi 
eafily  into  brown  or  chefnut-K:oloured  glafs. 

$4.  It  is  aflerted  in  many  books  of  Chemiihy^ 
tHat  tlfe  folutioh  aemxtfitm  bf  ibda,  diOblveb 
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copper  by  ebullition :  Heller  has  even  computed 
that  eight  ounces  of  fait  had  diflblved  twenty 
grains  of  copper  ;  Wallerius  has  remarked,  that 
this  metal^  fufed  with  the  muriate  of  foda  and 
afterwards  expofed  to  the  air,  quickly  became 
covered  with  verdigris  :  and  every  one  Icnows 
that  fait,  when  kept  for  fome  time  and  moiften- 
•d  in  copper  veffcls,  very  eafily  covers  them 
with  verdigris ;  but  this  effedl  is  owing  to  the 
.water  and  the  air  rather  than  to  th^  fait,  for 
this  laft  does  not  appear  to  undergo  any  altera- 
ti<m  in  its  principles. 

The  muriate  of  ammonia  is  decompofed  by 
copper  with  the  aid  of  heat ;  hidrogen  gas  and 
ammoniacal  gasbeingdifengaged  J  as  the  produft 
there  remains  a  muriate  of  copper.     The  liquid 
ammonia  which  alfo  forms  a  part  of  it,   on^  ac- 
count of  the  water  contained  in  the  fait,  is 
always  of  a  blue  tinge,  becaufe  of  a  fmall  quan- 
tity of  oxide  of  copper  which  it  carries  with 
it.       The   folution  of   muriate  of   ammonia, 
.a6t8  alfo  upon  copper ;   and  it  aifumes  a  blue 
.colour  whenever  it  is  fuffered  to  remain  in  vet 
fels  of  this  metal.     The  oxide  of  copper  equally 
dccompofes  the  muriate  of  ammonia   by  diftil- 
iation,  and  even  affords  carbonate  of  ammQuia, 
if  it  contained  carbojiic  acid. 

la  pharmacy,  two  pn^p^rations  are  naade  with 
:the  ammoniacal  puriate  and  copper.  The  ont, 
which  bears  the  name  of  JEm  Ventru^  or  en- 
ffTfious  ammpniacal  Jlower^y  is  i[ipthing  piore 
tfaaji  this, fait,,  gplqufed  \^ith  pearjy  a  fixticth 
i^i  joj  of 


of  its  weight  of  green  oxide  of  copper  in  two 
earthen  pans  placed  one  above  the  othet,  or  in 
a  capital  of  glafs,  covering  an  earthen  pot :  it  is 
evident  that  but  very  little  ammoniacal  muriate 
fafdecompofed ;  and  that  which  fublimes,  carries " 
with  it  the  fmall  quantity  of  muriate  of  copper 
that  has  been  formedi  The  other  pfaarmaceu« 
tical  preparation  is  called  Celeftial  water^  on 
account  of  its  jRne  blue  colour.  Any  quantity^ 
of  lime-water  is  fufFered  to  remain  for  ten  or 
twelve  hours,  with  half  its  weight  of  muriate  of 
ammonia,  in  a  copper  bafin.  The  fmall  quan- 
tity of  ammonia  difengaged  by  the  lime,  dif- 
folvc:s  fome  particles  of  copper,  and  gives  to 
the  whole  of  the  liquid  the  blue  caft  with  i^hich 
this  folution  is  conftantly  tinged.  We  may 
prepare  the  celeftial  water  in  a  glafs  veffel,  by 
adding  a  fmall  quantity  of  copper-filings  "or 
fliavings,  or  even  of  the  oxide  of  this  metal,  to 
liiae- water  and  muriate  of  ammonia. 

85.  .The  fuper-oxigenated  muriate  of  pot-aih 
burns  very  quickly,  and  even  inflames  copper, 
though  indeed  without  kindling  it  by  percuC- 
fion,  but  merely  by  the  contact  of  a  burned 
body,  efpecially  red-hot  charcoal. 

TTie  phofphates,  the  fluates,  the  borates,  and 
the  carbonates,  exert  no  adlion  upon  cop- 
per except  by  the  water  in  which  they  are 
dilTolved  ;  and  this  adion,  like  many  of  thofe 
that  have  hitherto  been  defcribed,  is  greatly 
aided  by  the  contaft  of  the  air.  • 
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oi  thefe  remedies,  which  are  always  dangerous 
and  rarely  beneficial :  even  externallyy  they  do 
not  prefcribe  them  except  with  the  greateft 
circumfpeSion.      ^ 

88f.  Befides  the  varied  and  multiplied  ufes 
of  copper  in  the  metallic  forpi,  feveral  ores. and 
preparations  of  this  metal  arc  employed  in  a 
great  number  of  the  arts.  The  pyritbus  ful- 
phurets  ferve  for  the  preparation  of  the  fulphate 
of  copper,  by  their  fpontaneous  efflorefcence 
and  their  lixiviation :  it  is  alfo  prepared  by 
burning  a  mixture  of  fulphur  and  of  copper.. 
The  malachites  are  cut  and  polifhed  for  trinkets; 
copper  is  continually  alloyed  ^vith  zinc  and  tio, 
for  making  brafs,  cafling  ftatues,  bells,  pieces  of 
artillery,  &c.  Its  different  falts  and  oxides  en- 
ter into  the  preparation  of  colours  for  paintiflgf; 
of  the  baths,  the  preparations  and  mordants  for  ^^ 
dyeing ;  of  enamels  and  glazings  for  potteijr 
and  porcelain  ;   and  of  coloured  glafles. 


Article  XX. 
Of  Silver. 

Ai  Hifiary. 


1.  THE  four  lafi  metals  which  have  been  ex" 
amined,  belong  to  the  fourth  genus  of  thjcft 
bodies,  to  thpfe  which  are  at  the  fame  time  j|nf> 
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ficiently  du6lile  and  eafily  oxidable ;  -  tlie  three 
laft,  whofe  hiftory  remains  to  be  given,  form 
the  fifth  and  laft  genus  of  thefe  bodies,  by  their 
properties  of  being  eminently  du6lile  and  oxid-: 
able  with  difficulty  :  accordingly,  on  account 
of  thefe  two  charafilers  which  they  combine  in  a 
high  degree,  th^y  have  always  been  diftin- 
guiflied  from  all  the  otjier  metallic  matters  by 
the  expreffion  o^ perfeB  metals.  The  alchemifts 
fcfrmed  .very  Angular  ideas  concerning  them. 
They  confidered  them  as  the  moft  metallized  ' 
fubftances,  is  the  laft  and  moft  perfefl:  ftate  of 
'  metallization,  as  the  metals  upon  which  nature 
.had  exhaufted  all  her  efforts;  poured  out,  as  it 
were,  all  her  power,  after  having  tried  it  upon 

;:all  the  preceding  metallic  fubftances*  accord- 
ingly^ in  their  art,  always  chimerical,  but  always 
replete  with  hopes,  they  pretended  to  imitate 
nature,  in  perfecting,  by  means  of  perfevering 
and  long  continued  labours,  the  imperfect  me- 
tals ;  by  adding  to  them,  on  the  one  hand^  what. 
they  wanted,  and  caking  from  them  the  kind 
of  acrid  or  foreign  fubftances  of '  which  they 
had  too  much ;  by  maturing  them^^'in  fome  mau- 
'  ner,  by  their  philofophic  incubation* 

2.  Silver,  which  was  known  by  the  nations 
of  antiquity,  and  the  difcovery  of  which  dates 

^itfelf  earlier  than  the  moft  ancient  recordfil  of 

•.mankind,    foon   became,    by  its   fcarcity,    its 
beauty  and  all  its  ufeful  properties,'  the  object 

^.of  the  refearches  of  a  great  number  of  artifts 
&nd  men  of  fcience.     It  is  not  aftonifliing  that 

V   Vol,  Vi.         '  D  d  men 


462  SILVEtt. 

men  who  Had  caufed  the  metallic  fabftancfes  to 
affume  fo  many  different  forms,  and  who  fo  fre- 
quently imitated  in  alloys  the  whitenefs  and 
feveral  of  the  properties  of  filver,  harboured 
from  a  very  remote  period  the  idea  of  creating 
this  precious  metal  by  art.  When  they  com- 
f^ared  it  with  the  other  white  metals^  it  feemed 
to  them  to  differ  from  it  only  in  fomie  qualities, 
and  that  it  Would  not  be  impoffible  to  procure 
it  free  from  thofe  qualities.  Not  difcoruraged 
by  their  firft  unfuccefsful  attempts,  in  propor- 
tion as  this  precious  metal  became  amongft 
tnaiikind  the  reprefentative  of  all  other  objeSs, 
of  all  the  produftrotis  of  induflry,  and  eveli  of 
thofe  of  genius,  the  alchemifts  redoubled  their 
efforts;  and  though  their  experiments  and  their 
laborious  refearches  have  not  had  all  the  fuccefi 
which  they  expected  from  them,  they  have 
not  been  entirely  loft.  It  is  from,  thefe  un- 
fortunate trials,  accumulated  by  the  labours  of 
a^es,  that  chemifts  have  derived  the  fa6b  which 
they  have  etnployed  in  its  hiftory,  and  they 
have  had,  as  it  were,  nothing  more  to  do  thaa 
to  an'atige  in  a  methodical  order  and  clearly  to 
defcribe  the  phenomena  which  this  metal  had 
pirfented  in  the  tortures  of  every  kind  to  which 
atchemifts  have  fubjefted  it. 

5.  Whilft  the  alchemifts,  who  called  filver  In* 
OY  Diantij  qualified  it,  even  by  the  figii  *Mft 
they  confecrated  to  it,  as  a  kind  of  ienlr-^[bli 
whrcrh  they  reprefeiited  by  two  {femi-cilt# 
lines  ptit  together  in  the  fame  diridioii,  *i* 

3  the 
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the  hof ns  turned  to  the  left ;  fo  that  nothing 
more  ^vas  ni^ceffaiy  than  to  turn  back  the  in- 
terior curve,  and  unite  it  with  the  exterior,  in 
order  to  form  ^he  circular  figure,  or  chrrac- 

'  teriftic  fign  of  gold,  to  which  they  believed  it 
to  be  in  faft  very  nearly  related,  fiuce  it  was 
onl}^  required  to  develop  one  of  its  parts  in 
order  to  caufe  it  to  pafs'into  the  ftate  of  gold, 
the  laft  ftage  of  metallic  perfection;  the  docimaf- 
tic  and  metallurgic  artifts,  more  wife  and  more 
ufeful,  laboured  inceffantly  to  purify  filver 
and  completely  to  feparate  it  from  all  the  other 
metals,  to  acquire  a  perfeft  knowledge  of  it  in 
its  ftate  of  purity,  to  extract  it  without  lofs  from 
the  2:reat  number  of  minerals  in  which  nature 
has  placed  it,  to  alloy  it  with  other  metals 
in   order    to  add  to    their  ufeful    properties, 

.  and  to  caufe  thefe  metals  to  a-cquire  in  fonve 
of  its  good  qualities.  Their  important  labours, 
followed  by  a  degree  of  fuccefs  M'hich  has  mul* 
tiplied  filver  in  fociety,  and  has  extended  it$ 
numerous  ufes,  have  been  no  lefs  ufeful  to  the 
chemifts  in  conftru6ling  the  fyftem  of  their 
fcience.     The  pharmaceutical  operations  them- 

^felves,  though  they  have  been  much  lefs  nu- 
merous upon  filver  than  upon  all  the  other  pre- 
ceding metals,  have  Ibrved  to  increafe  th?  ftock 
of  chemical  knowledge  concerning  this  metal; 
nad  litis  from  the  whole  of  thefe  labours  that 
the  hiftory  of  this  impoftant  metal  has  gradually 
^en  formed. 

*D  d  2  4-  Silver 
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4.  Silver  has  particularly  occupied  a  great 
number  of  cheinifts,     Henckel,  Cramer,    Leh- 
man, Kunckel,  Hellot,  Tillet,  &c.  have  confi- 
dered  it  as  affayers  'or  metallurgifts ;  Bergman 
has  carefully  e>^amined  its  ores  by  analyfis  in 
the  humid  \ray ;  Lewis  has  written  a  particular 
treatife  upon  it,  efpecially  with  refpefil  to  its 
ufes  in  the  arts.     The  French  pneumatic  che- 
miftry  has  remarkably  elucidated  its  properties; 
it  was  by^its  aid  that  Van  Marum  found  the 
means  of    burning    it  by  means  of  the  ful- 
minating   ele6lric   fliock,    that   its   oxidation 
by    means  of  the  focus  of    burning    mirrors 
has  been   determined,  which  was  timidly  fuf- 
pefted  and  announced  by  Romberg  and  Mac- 
quer  ;  it  was  this  theory  which  explained  itsdif- 
iicult  combuftion  and  its  eafy  reduftion,  and 
led  Citizen  Bertl^Uet  to.  the  difcovjery  of  the 
fmgular  and   moft .  aftonifhing   preparation  of 
fulminating  filver.     While  its  properties  have 
been  better  known  and  better  explained  thaa 
thfey  had  ever  been  before,  they  have  equally 
ferved  to  enlarge  the  dominions  of  fcien^eand 
the  pneumatic  doflrine. 


i 

.  t 


.         B.  l^hijjical  Propertks.^ 

'  *■ '  _ .  .  .    •  '■ 

5.  Silver  is  of  a  fine  white  colour  jtn^  of  an 
extremely  lively  brilliancy.  Whether  biirifiihed 
or  otherwife,  this  metal  is  the  moft  bea'utifcl 
tiiat  is  known,  at  leaft  in  the  opinion  of  moft.  j 
men.     In  general  it  pleafes  more  than  any  other. 

me- 
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metallic  fubftance.  There  is  no  metal  that  ap- 
proaches it  in  luftre;  it  holds  only  the  fifth 
rank  amongft  the  metals  with  refpe6l  to  denfity 
and  fpecific  gravity ;  it  follows  after  platina, 
gold,  tungften,  mercury,  and  lead.  Its  weight 
is  reprefented  by  10,474,  according  to  Citizen 
Guy  ton..  Mufchenbroeck  eftimated  it  from 
11,091,  in  one,  of  the  moft  dcnfe  fpecimens, 
to  10,^53  in  one  of  the  lighteft,  and  Bo^r- 
haave  from  10,535,to  11,087.  Thefe  differences 
from  the  minimum  to  the  maximum  depend 
upon  the  ftate'  of  fufion  :and  that  of  forged 
filver. 

With  refpeft  to  -  its  hardnefs,^  it  has  been 
placed  between  iron  and  gold  ;  it  is  augmented 
by  the  adion  of  the  hammer  or  by  preffure.  Its 
elafticity  is  pretty  confiderable,  and  in  this 
refpeft  it  is  intermediate  between  gold  and  cop^ 
per.  It  is'  one  of  the  moft  fonorous  metals, 
and  when  ftruck  upon,  it  emits  a  very  acute 
found ;  I  have  alfo  remarked  in  the  hiftory  of 
the  alloys  of  copper  that  is  fometimes  added  tp 
bell-metal.     ,  • 

6\  The  ductility  of  filver  is  one  of  its  moft 
marked  properties;  it  follows  immediately- after 
gold  and  platina.  It  is  made  into  leaves  fo 
thin  that,  they  are  eafily  wafted  away  by  the 
wind,  and  into  wires  of  extreme  tenuity  :  ac^ 
cordingly,  the  example  of:  filver  is.  ufed  in 
Natural  Philofophy,  in  order,  to  prove  the 
,divifibility  of  matter.  A  grain  of  filver  may 
be  fufficiently  i;xtended,  and  at  the  fajne  time 
jTufficicntly  firm  to  make  aii  hemifpherical  yelfpi 
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to  contain  an  ounce  of -water,  and  a  Avire 
400  feet  in  length.  It  is  upon  this  amazing 
extenfibility  that  the  art  of  gold  and  filver- 
heating  is  founded.  It  holds  the  fecond  rank 
after  gold  with  refpeft  to  tenacity,  or  refiftance 
againft  breaking.  A  wire  of  this  metal,  one 
tenth  of  an  inch  in  diameter,  fupports  a  weight 
af  270  pounds  before  it  breaks.  This  wire  is 
eonfiderab'ly  lengthened  before  it  braaftfs..  Sil- 
ver, is  hardened  by  all  kinds  of  preffure;  but 
it  eafily  acquires  its  former  du6iility  agaih  by 
the  action  of  fire,  or  by  annealing. 

7.  Silver  is  a  very  good  conduftor  of  caloric, 
and  becomes  heated  very  quickly.  Its  dilata- 
bility  by  fire  is  a  little  inferior  to  that  of 
lead  and  tin,  and  fuperior  to  that  of  iron,  when 
filver  has  been  dilated  by  heat,  and  we  urge  the 
fire  till  it  is  heated  to  whitenefs  or  iucandefcencc; 
itfoftensand  runs.  Its  fufibility  his  beenefti- 
mated  by  Mortimer  at  1000  degrees  of  Fahrenheit. 
Citizen  Guiton  cftimates  i  t  at  23  degrees  of  Wcdg* 
wood's  pyrometer.  When  filver  has  been  fufed  and 
fufFered  to  cool  flowly,  it  prefents  at  its  furface 
figures  fimilar  to  net  work  and  fern- leaves  which 
aniiounce  a  very  marked  cryfl:aliizability.  On 
breaking  it  we  find  a  granulated  texture  which 
poffeffes  the  fame  property.  Mongez  the 
yonnger,  and  Tillet,  by  fuffering  a  liquid  po^ 
tion  to  fun  oiF  from  a  large  mafs  of  fakd 
filver,  have  obtained  it  cryftallized  in  qii> 
drangular  or  oftahedral  prifms,  and  it  aifedatk 
fame  form  in  nature,  as  I  ihall  lliow  here- 
after, 

8.  When 


siLVXB.  ^  407 

8.  When  filvcer  is  fufed,  if  we  xiuginent  the . 
quantity  of  caloric,  or  if  we  heat  it  ftili  more, 
it  at  laft  aftually  boils  and  is  reduced  into  va- 
pour :  it  is  on  this  account  that  filver  con- 
denfed  in  grains,,  or -in  forms  refembling  kid- 
neys, are  found  in  the  chimnies  of  mints  or 
i>lv<3f-imit|i'$  fhops.  When  filver  is  well  fufed, 
it^  ftirfac^  is  fo  brilliant  by  the  light  which  it 
peflp^  th^t  it;  appears  to  emit  fparks ;  this 
p^^noniisnon  is  alfo  termed  the  brightening 
lightning  in  the  aifayer's  art.  The  filver  is 
fcj^n  ^o  rife  in  vapour,  boiling  and  agitating  it- 
felf  vith  ^  circular  ^notion,  when  it  is  kept  for 
fpflag  tjrpe  fi^fed  in  the  focus  of  a  burning  glafs. 
If  we  ej^pofe  tQ  thiJ5  vapour  a  plate  of  .gold,  it 
f  niekly  becomes  covered  with  a  layer  of  un- 
pQji^ed  filver,  which  mg.y  be  burniihed  by  pref- 
fttref  CHi^en  Darcet,  hs^ving  expofed  pure 
iilyer  in  crucibles  of  porcelain  to  the  fire  of  the 
inanuf9.Q;Ure  of  Sevres,  coxiftantly  remarke4 
tl»t  ^t  this  violent  heat  the  metal  \f as  dilated 
ftpd  fweUed  witli  fuch  force  that  the  crucibles 
i^erf  brpl^n. 

9.  Silver  is  a  very  good  ccndu6lor  of  eleftrj^ 
city  ^nd'  galvanifni,  and  it  fucceeds  very  well 
in  both  thefe  two  kinds  of  experiments.  It 
has  no  fenfible  tafte  nor  finell;  neither  does 
1%  prqdgtce  any  e%et  upon  the  animal  eco^- 
pon^y,  and  though  it  cannot  be  confidered  ^s  dan* 
gerous  to  the  health,  it  muft,  nevertheleft,  be 
reckoned    amongfl:  the    number    of   perfedly 

inert 
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inert  fubftances,    deftitute  of   any    medicinal 
property. 


C.  Natural  Hi/lory, 

10.  Nature  prefents  filver  neither  in  fuch 
abundance,  nor  iii  fo  many  places,  nor  in  inch 
large  mafles  as  moft  of  the  other  metallic 
fubftances.  Even  the  number  of  fpecies  that 
can  be  diftinguifhed  amongft  the  ores  of  this 
metal,  is  infinitely  more  limited  than  thofe 
which  are  admitted  in  moft  of  the  other 
metals.  The  mineralogifts  whd  have  hitherto 
confidered  its  varieties  as  fpecies  have  more- 
over committed  another  error;  namely,  that 
of  having  too  clofely  followed  the  errors 
and  prejudices  of  the  miners.  Thefe,  c^n- 
fidering  as  ores  of  filver  all  thofe  ores  that  are 
capable  of  affording  this  precious  metal;  of 
whatever  nature  they  may  be,  have  qualified 
by  thiB  name  the  real  ores  of  cobalt,  of  zinc,  of 
lead,  &c. :  and  hence  their  very  voluminous 
works  contain  many  double  appellations,  and 
have  obfcured  the  natural  hiftory  of  filver. 

11.  Well  convinced  of  this  fource  of  error, 
I  have  adopted  only  five  fpecies  of  ores  of  filver 
fuflficiently  different  from  one  another,  as 
th^y  have  been  defignated  in  the  Outline  of 
mineralogy  by  Citizen  Haiiy ;  and  I  diftinguiih  J 
with  him : 

4'  Native 
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^.  Native  filver ; 

JB.  Antimoniated  filver ; 

C.  The  fulphuret  of  filver :  thefe  three  con^ 
tain  the  filver  in  the  metallic  ftate  : 

D.  The  fulphuret  of  oxide  of  filver  and  of 
antimony. 

E.  Laftly,  the  muriate  of  filver.  I  ihall 
follow  this  divifion  of  five  ores  of  filver,  to 
which  fome  pretended  fpecies  will  be  referred  as 
varieties.  Thefe  five  fpecies  prefent  no  oxide 
of  filver  in  an  infulated  ftate. 

12.  The  native  Jilver^  diftinguifhable  by 
its  colour,  its  ductility,  and  its  wefght,  is  fre- 
quently  dull  grey,  and  blaekifti ;  but  friction  re- 
ilores  its  luftre.  It  is  found  in  many  varieties 
of  foira ;  fometimes  inmaffes  irregularly  rounded, 
or  in  kidneys:  it  is  frequently  in  capillary  con^ 
lorted  fibres,  in  plates,  in  reticulations  like 
fpiders-webs,  in  dendrites,  in  oftahedrons 
grouped,  together,  in  fern-rlike  leaves,  in  cubes. 
Jfe  is  moft  frequently  fpread  upon  a  quartzofe 
gangue,  and  fometimes  it  is  found  in  fat  earths. 
It  has  alfd  other  ores  for  gangues,  efpecially 
thofe  of  cobalt.  It  exifts  particularly  in  Peru, 
in  Mexico,  in  the  interior  of  Africa,  at  Konf- 
berg,  in  Norway,  at  Johann-Georgen  Stadt, 
and  at  Ehrenfriederfdorf,  in  Saxony,  at  Sainte- 
Marie,  at  Allemont,  in  France.  Though  this 
native  metal  is  properly  placed  in  this  i(irft  fpe- 
cies, it  is,  however,  to  be  remarked,  that  the 
filver  does  not  exift  very  pure  in  it,  and  that 
fome-  varieties  of  it'  might  be ,  diftinguiflied  as 

alloys. 
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alloys.  In  fa6l,  the  native  filver  ffcqweptly  con- 
tains gold,  or  copper  in  ii^timate  combination. 
We  ought  not,  ind^^d,  to  confouncl  with  this 
"natural  alloy  the  inixtuve  of  filver  with  th« 
pole^^uks  of  other  met^l^  j  a  mixture  whi^h  is 
then  only  accidental,  being  fufceptible  itCelf  of 
many  modifications,  and  cannot  be  reckoned 
to  conftitute  varieties  in  mineralogy. 

13.  The  antimoniated,  ^Iv^r,  or  whits  ^-^ 
tim^ial  qre  of  filver  of  Rom6  de  I^ii|f  aB(J 
of  moft  mineralogifts,  very  much  refemhl^  ni^^ 
ti  ve  filver  by  its  colour  and  luftre.  Though  its 
colour  is  frequently,  altered  by  a  yeUowijQi 
or  v^difh  tinge,  or  its  furface  covered  wit^ 
^  blaf^kifb  and  dull  pellicle,  the  flightefl  fr^r 
ture  caufes  its  brilliancy  to  re-appe^r,  which 
fometimes  equals  that  of  buvnifhed  filv^,  \\$ 
i^njeUated  texture  and  brittlenefs  diftiQguiih  it 
ft'<?m  native  filver.  Ita  fpecific  gravity  accor^r 
ing  to  Citizen  Haiiy,  is  9,440.  \t  i^  fpun^  i* 
fluted  prifms  which  approach  to  the  regulfti 
hexal^dron.  .  Though  Dehom  indicates  tfeis 
©re  as  a  ^combination  of  filver,  of  arfenic^  a»d 
of  iron,  ^rgman  ha3  found  in  it  only  fjjvfr 
and  a  little  antimony,  which  he  even  coRfidcred 
as  accidental.  Citia;en  Vauquelin,  in  affayjug 
a  fragment  by  the?  hlow-pipe,  found  in  it:  indi- 
cations of  antimony,  and  obtained  a  butt^a  #f 
pure  du6tile  filver,  which  formed  naofQ  thw 
thr^e-fourths  of  the  totality  of  the  ore,  Citi" 
;?en  Haiiy  found,  according  to  the  edculatiort 
of  the  fpeeific  gravity  of  the  antimQmated  iH- 

ver, 


ver,  and  to  that  of  the  piire  filv^er  ftnd^irti* 
mony,  tli^t  this  weight  indicated  nearly  four 
for  the  fiiver  and  one  for  the  antimony;  wd  it 
appears  that  the  proportion  is  not  very  different 
from  that  which  the  ore  furniflies  by  analyfis  t 
it  is  very  evident  that  this  ore  is  alfo  a  fpeciesi 
of  alloy, 

14.  The  fulphuret  of  fiiver  is  what  the  mi^ 
nerafogifts  have  termed  vitreous  ore  of  Jilver. 
It  is  generally  in  the  form  of  a  cube  or  of  an 
octahedron,  either  intire  or  with  angular  facets; 
there  is  alfo  a  variety  in  dodecahedrons  with 
rhombic  planes.  This  ore  may  eafily  be  cut 
with  the  knife.  Its  colour  is  generally  a  black-^ 
ifli  metallic  grey,  fometimes  brown,  greenifh^ 
or  yellowiih.  It  eafily  fufes.  By  a  mild  hea^ 
the  fulphur  is  dilFipated  without  fufion,  and  the 
fiiver  alTumes,  by  mere  foftening,  and  without 
running,  the  form  of  filaments  or  vegetations^ 
It  is  frequently  found  mixed  with  other  ores  of 
fiiver.  It  gives  from  feventy  to  eighty-four 
parts  of  fiiver  in  the  hundred.  This  metal  x% 
combined  in  the  metallic  ftate,  with  fulphur, 

-  fometimes  it  is  mixed  with  native  fiiver,  which 
rifes  from  it  in^the  form  of  dendrites,  and  iiiterr 
mixed  with  red  fiiver  ore. 

15.  The  fitiphuret  of  oxide  of  fiver  and  of 
antimony,  is  the  red  ore  of  fiiver,  or  fimply  the 
red- fiver  of  mineralogifts.  This  ore  is  of  a 
deep  red  colour  ;  fometimes  tianfparent,  fome-e 
times  almofl;  opaque,  frequently  brilliant  like 
fteel  at  its  furfaca     Its  primitive  form  is  the 

rhomboidal 
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rhomboidal  dodecahedron  which  produces  feve- 
raWarieties  by  the  laws  of  decrcafc.  It  is  found 
in  almoft  all  the  places  where  filver  is  abundant, 
but  efpeciatly  at  Freyberg  in  Saxony,   &c.     It 
has  long  been  confidered  as  filver  mineralized 
by  arfenic,  and  even  as  a  real  arfeniate  of  pot- 
afh;  Bergman  has  even  given  its  proportion, 
Mr.   Klaproth  was  the   firft  chemift  who  an- 
iiounced,  according  to  a  more  exadl  analyfis, 
that  it  contained  fulphur  and^'antimony  com- 
bined with  the  filver.     Citizen  Vauquelin  has 
reiiimed  this  work,  and  has  given  in  the  Journal 
dts  Mines  {No.  17,  pluviqfe  an.  4),  a  very  exadl 
and   well-condufted   analyfis  of  this  mineral. 
He  has  fhown  that  it  was  formed  of  fulphur, 
antimony^  and  filver,  both  in  the  ftate  of  ox- 
ides; that  it  cohfained  no  fulpburic  acid,  as 
Mr.  Klaproth  had  believed,  but  that  this  acid 
was  formed  either  by  means  of  he^t  by  the 
union  of  a  fmall  quantity  of  the  oxig-en  of  the 
metak  with  the  fulphur,   or  by^the  combuftioo 
of  a  fmall  quantity  of  the  latter  by  the  aid 
of  the   pitric   acid  employed  in  this  analyfis. 
-He  treated   it  by  the  nitric   acidj  Avhich  dif- 
folved    it^    filver  without  difengagement   of 
nitrous  acid  ;  afterwards  by  the  muriatic  acid, 
which   diflblved    the  antimony   and    left  the 
fulphur  feparate.       He    alfo    treated     it  wid 
cauftic  pot-afli  in   folution;  this  dilfolved  it! 
antimoniated  portion  with  a  fmall   quantity -rf 
fulphur.     From  his  Analyfis  it  rgfults   thattte 
red  filver  contains  filver  from:  »,i4  to  0,57,  ^ 
-  timonj 
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timony  from  0, 15  tx>  0, 1 6,  fuIphuV  from  0, 1 5 
to  0, 17,  and  oxigen  about  0,  IS.  ^  It  fometimes 
coutaiiis  a; little  arfenic,  which  does  not  amount 
to  more  than  0,02.     Each  of  the  metals  that 
compofe  this  ore  has  been  particularly  obtained 
in  the  metallic   ftate.     The  autiior  concludes 
from  his  inveftigations,  that  the  red  filver  is.  a 
quadruple  combination  of  filver,  of  antimony, 
of  fulphur,  and  of  oxigen  ;  that  the  oxide  of 
antimony  exifts  in  it  in  a  date  approaching  to 
that  of  Kermes,  that  it,  however,  wants  a  little 
oxigen  in  order  to  render  it  well  foluble  in  ,the 
alkalis,  in  which  it  does  not  become  fo  unlels 
by  the  aid  of  that  which  the  filver  affords  to 
it;  that,  in  this  latter  cafe,  it  becomes  black, 
opaque,  and  capable  of  yielding  nitrous  ga^ 
•with  the   nitric  ^acid ;  that  fomethnes  the  red 
filver  is  naturally,  in  this'fftate  of  inferior  o-xi*- 
dation,    opaque,    and  •  foluble    in    this    acid> 
with  a  difengagement  of  nitrous  gas.     He  alfo 
draws  this  general  important  conclufion — that 
"the  metallic  fulphurets  are  opaque,  ftriated  and 
tnetalliforin/  though  brittle,  and  that  the  ful- 
•phurated  metallic  oxides  are  tranfparent,  as  it 
were  vitreous ;  and  that  the  different  cafts  which  ' 
thefe  compounds  prefeivt,  from  perfeft  tranf- 
parency  to  complete  opacity,  depend  iinme- 
diately  upon  4:he  various  quantities  of^  oxigen 
with  which  thefe.  bodies  are  combined.     It  is 
Vicry  evident  that  Citizen  Vauquielin  has  ren- 
.■dered  the  chejpical  biftory  of  this  mineral  much 
iuiore  precifelEtnd  clear  than  -Mr.  Klaproth,  the 
.     . '  author 
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B.  AJfay%  and  Metallurgical  Opcraiions 

18.  The  affay  of  the  ores  of  filver  is  one 
of  the  moft  interefting  that  can  be  made,  on 
account  of  the  price  of  this  metal.     It  muft 
vary  according  to  the  different  nature  of  its 
ores.  If  it  be  native  filver,  after  having  pounded 
and  waflied   it,   we    may    agitate    this    metal 
with  running  mercury,  which  diffolves  the  fil- 
ver by   a  fl^rong  trituration;  we  exprefs  this 
.amalgama  in  order  to  feparate  from  it  the  ex- 
ceeding portion  of  mercury  :  we  afterwards  dif- 
til  the  amalgama  ;  we  heat  it  in  a  crucible  in  or- 
der to  volatilize  the  mercury ;  and   the  filver 
remains  pure.     The  antimoniated  ore  of  filver, 
and  the  fulphuret  of  filver,  muft  be  ftrongly 
Toafted,  in  order  to  feparate  from  them  the  anti- 
.mony  and  fulphur;  they  .are  afterwards  fufed 
with  a  proportionate  quantity  of  alkaline  flux; 
it  may  be  treated  nearly  in  the  fame  manner  as 
the  antimoniated  and  fulphurated  o^ide  of  filver, 
as,  well  as  the  red  filver,  the  fulphur  and  apti- 
mony  of  which  are  taken  away  by  the  alkali^ 
while  the  infulated  filver  is  fufed. 

19.  In  all  thefe  cafes  the  filver  is  not  pur^ 
.  and  as  it  is  of  great  importance  to  obtain  it  ifl 
.  this  ftate,  a  procefs  is  employed  which  forms  the 
principal  bafis  of  the  aflay  of  this  metal,  as  it 
feparates  from  it  the  foreign  metals,  the  cop 
per,  the  iron,  &c.  and  leaves  it  perfeClly  infr 

lated 
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lated  and  alone.     This  procefs  is  founded  upon 
the  property  which  lead  poffeffes  o£  becoming 
oxidated  and  carrying   off  in  its  confequent 
oxidation  and  vitrification  the  metals  foreign  to 
the  fdver,  vd^ilft  this  experiences  no  alteration. 
In   order  to  put  it   in  praflice  at   flat   veffeL 
is  employed, .  formed  like  a  fmall  cup,  which 
•  is  called  a  cupel:     This  veffel  is  made  of  the 
powder  of  calcined  bones  fteeped  in  water,  and 
beaten  into  a  brafs  mould.     This  porous  mat- 
ter abforbs  the  vitrified  oxide  of  lead  with  great 
facility.     The  filver  which  we  wifli  to  purify 
on  the  cupel,  is.  placed  upon  the  bafin  of  this 
veffel,  inclofed  in   a  plate   pf  lead,   generally 
weighing   twice  as  much  as  the  filver.     This 
veffel  is  then  introduced  under  a  Jkind  of  earthen 
oven,    fupported  by  iron   bars  in  the  middle 
of  a  fquare   furnace,  called  the  cupelling  or^ 
affay  furnace.     Ignited  coals  furround  the  muf- 
ile,  withojut  penetrating  into  its  internal  part, 
becaufc  it  is  perforated  only  towards  its  bot- 
tom  and  its  fides,   fo  as  not  to  permit  the 
.combuftible  matter  to  fall  into  the  oven  itfelf. 
Its  thin  ^des  foon  become  heated  to  rcdnei^. 
The  lead  And  the  filver  placed  in  th6  cupel  are 
fufed,  and  form  a  fluid  alloy,  which,  by  the. 
continuance  and  energy  of  the  fir«,  fuffers  the 
'lead  to  be  gradually  oxidated,  volatilized,  aiijd 
-vitrified.   The  £re  is  managed  in  fuch  a  manner 
-as  not  to  let  the  fufed  matter  become  tooibong- 
My  red,  nor  the  lead  to  fublime  too  rapidly,  or 
.  foak  too  quickly  into  the  cujpel  :.fer  ia  this  cafe 
Val.  VL  E  e  it 
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it  does  not  carry  av-ay  exadly  all  the  oxldablc 
matters  contained  in  the  filver ;  care  is  alfo 
taken  not  to  heat  it  too  low,  in  order  that 
no  portion  of  lead  may  remain  combined  with 
the  metal.  For  this  purpofe  ignited  coals  are 
placed  before  the  aperture  of  the  muffle,  in 
order  to  heat  it  equally  throughout.  Wlien 
we  obferve  with  attention  Avhat  takes  place  in 
the  bafin  of  the  cupel,  we  fee  the  alloy  become 
agitated,  burn  at  its  furface,  prefent  a  kind  of 
drops  of  fpots  of  a  different  red  call  which 
always  diminifli  in  proportion  as  the  oxidable 

•  metals  are  fublimcd  or  penetrate  into  the  pores 
of  the  cupel.  When  the  operation  draws  near 
its  termination,  the  pure  filver  which  begins  to 
appear,  fliines  at  fome  points  with  a  brighter  luf- 
tre  than  the  alloy ;  the  brilliant  part  extends  from 
the  margin  to  the  centre  ;  at  laft  the  whole  clear 
furface  of  the  filver  prefents,  at  the  moment 
when  the  lad  particle  of  lead  is  difengaged,  a 
kind  of  flafh,  which  is  called  the  brightening. 
The  affay  is  then  completed.    The  cupel  is  gra- 

.  dually  withdrawn  from  the  bottom  of  the  muffle 
where  it  Avas  placed,  in  order  to  approach  it 
proportionately  to  the  lefs  hot  part,  and,  yet 
not  to  let  it  cool  too  fuddenly :  for  in  this  cafe 
the  button  of  filver  becoming  immediately  fixed 

'  and  greatly  condenfed,  compreffes  the  ftill  liquid 
portion,  and  fometimes  expels  it  with  an  explo- 
lion  ;  an  accideiir  which  difperfcs  part  of  themc- 

.  tal  in  globules  which  are  feen  upon  the  bafin,  and 
which  is  called  (in  French)  cotlpelle  perijie; 

^  -      .^      ■       ^       -beeaufe 
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betaufe  it  does  not  merit  much  confidence^ 
and  muft  be  commenced  anew.  Nothing 
more  is  afterwards  required  than  to  clean 
the  button  well  when  it  is  round  and  intire, 
to  brufli  it,  in  order  that  no  foreign  mat- 
ter may  be  left  upon  it,  and  to  weigh  it  in  very 
accurate  fcales.  It  is  unneceflary  here  to  men- 
tion that  the  portion  of  filver  upon  which  the 
cupellation  has  been  performed  has  been  alfo 
weighed  at  firft  with  great  accuracy.  In  order 
to  ftate  the  degree  of  finenefs,  or  what  quan- 
tity of  foreign  matters  have  been  taken  frorn 
it  by  the  oxidation  and  vitrification,  the  mafs 
which  has  been  taken  is  divided  into  deci- 
mal or  centefimal  parts,  which  enable  us  to  ap- 
preciate the  fmallcft  quantities  of  the  alloys;  for 
it  is  eafy  to  conceive  that  the  operation  of  cupel- 
lation is  employed  upon  filver  artificially  alloy- 
ed, as  well  as  upon  this  metal  extra6led  from  its 
ores.  Previous  to  the  introduftion  of  the  Re- 
publican weights  and  the  new  meafures  into 
France,  the  quantity  of  filver  fubjefted  to  cupel- 
lation was  fuppofed  to  be  divided  into  twelve 
parts  which  were  called  deniefs  (penny  weights) : 
if  it  had  loft  a  twelfth  of  its  weight,  the  filver  was 
faid  to  be  of  eleven  deniers  (eleven  penny  weights 
« fine).  After  this  operation  the'cupel  loaded  with 
glafs  of  lead,  mixed  with  the  copper  or  foreign 
.metal  which  exifted  in  the  filver,  is  very  heavy, 
and  generally  tinged  with  a  greenifli  caft  by  the 
cupieous  oxide.  Thefe  oxides  ufually  carry  off  a 
fmall  quantity  of  filver,  which,  however,  is  fo  little 

£  e  2  as 
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^  hot  to  irtfttif nee  the  accuracy  of  the  aCay 
and  the  purity  of  the  button  of  aflay,  which 
is  the  denomination   given   to  the  filver  ob- 
tained   by   the    cupelJation.     However   fmall 
this  quantity  of  filver  may  be,   it  is  not  loft^ 
but  methods  are  known  for  obtaining  it  in  la- 
-boratories  where  a  large  feries  of  thefe  opera- 
tions are  performed.     For  this  purpofe  all  thefe 
Cupels  thus  cliarged  with  glafs  of  lead,  are  pul- 
verized :  their  metal  is  reduced   by   means  of 
•black  flux  ;  this  lead  js  fubjefted  to  a  cnpella- 
tioh  again  upon  a  larger  fcale,  and  in  this  man- 
ner the  greater  part  of  the  filver  which  it  con- 
tains is  ^xtria.fted.    In  order  to  be  certain  of' 
the  accuracy  of  the  affay,  it  is  ufual  to  cupel 
alfo  particularly    the  lead  which  is  employed 
in  it,  and  if  it  affords  a  fmall  globule  of  fil- 
Ter,  which  is  called  the  witnefs  its   weight  is 
Carefully  fubtradled  from  that  of  the  returned 
•button  which  is  obtained.      Cupelled    filver, 
'Well  feparated  from  the  oxidable  metals,  may 
-contain  gold.     It  will  be  feen  in  the  hiftory  of 
the  latter  metal  in  what  manner  it  is  feparated 
•from  it)  and  its  proportion  determined.     Some- 
times bifmuth  is  employed  inftead  of  lead  for 
making  the  cupellation  ;  it  fucceeds  as  well  as 
-the  latter ;  but  there  is  no  other  that:  can  'k 
ufed  for  this  operation  ;  no  other  naetal  can  ftp- 
rply  the  place  of  either  of  thofe  two,  which  are 
-very   fufible,  /  oxidable,    and   vitrifiable.     All 
•the  others  remain  more  arlefs  abounding  in fii- 
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ver,  f\rell,  decrepitate,  form  prominent  fcoriae,. 
maffes  refembling  fungufes    and  vegetatiousr, 
and  difperfe.  the  filver  upon  the  cupel. 

20*  However  exaft,  and  however  well  adapt- 
ed for  the  knowledge  of  the  ores  of  filver,  the. 
different  preceding  proceffes^  in  the  dry  way, 
may  Jbe,  they  are  not  fufficient  for  enlightened 

•  cbemifts,  and  caii  never  fupply  the  place  of 
a  real  analyfis  of  thefe  ores.  Bergman,  Kla- 
proth,  and  Vauquelin,  have  fucceffively  givea 
very  good  methods  for  afcertaining  the  different 
ilates  of  native  filver,  and  for  analyzing  iU 
ores.  However,  fome  corre6iions  are  required 
in  what  Bergman  has  laid  down  concerning 
cxaft  affays,  in  his  Differtation  on  Humid  Af- 
faying.  Native  filver  contains  gold  or  copper, 
or  both  thefe  metals,  at  the  fame  time;  the  fil- 
ver and  the  copper  eafily  diflblve  in  the  nitriq 
acid ;  the  gold  remains  in  a  brown  or  black 

'  powder  at  the  bottom  of  this  acid  ;  the  copper 
is  precipitated  by  means  of  iron ;  but  as  this 
alfo  feparates  a  portion  of  filver,  I  advife  to 
precipitate  the  latter  by  means  of  copper,  col- 
lecting and  weighing  it  with  care ;  what  will  b^ 
wanting  of  the  weight  of  the  ore  aflayed  will 
belong  to  the  copper,  deducing  the  portion  of 
gold,  if  it  has  been  precipitated  from  it  in  pow- 
der in  the  folution^ 

21.  Antimoniated  filver  is  aflayed,  and  both 
its  nature  and  its  proportions  eafily  afcertained, 
by  means  of  the  nitric  acid,  which  diffblves 
the  firfi  metal  and  0:^4^^$  th^  fecond  in  a  white 

powder 
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powder  iufoluble  in  this  acid,  or  by  incans  of 
the  nitro-miiriatic  acid,  which,  when  employed 
in  fufficient  quantity,  diffolves  the  pxide  of  an- 
timony which  -it  forms,  and  leaves  the  filver 
precipitated  in  muriate  of  filver.  We  may  alfo 
employ  the  a6lion  of  the  blow-pipe,  which 
fublimes  all  the  antimony  into  white  oxide,  and 
leaves  the  filver  pure  and  duclile.  I  alfo  pro- 
pofe  detonation  with  nitre  in  a  well-cloC?d  veffel; 
all  the  antimony  is  oxided,  and  the  filver  is 
fufed,  and  coUeded  at  the  bottom  of  the  cru- 
cible. This  procefs  may  be  proper  for  feveral 
other  ores  of  filver. 

22.  The  fulphuret  of  filver,  well  pulverized, 
is  treated  by  ebullition,  in  twenty-five  times  it§ 
weight  of  nitric  acid  a  little  diluted.  This  is 
repeated  feveral  fucceffive  times,  till  the  whole 
of  the  filver  is  diflblved,  and  the  fulphur  re* 
mains  pure  at  the  bottom  of  the  folvent.  The 
filver  is  precipitated  by  the  muriate  of  foda: 
130  parts  of  this^  precipitate  anfwer  pretty  ex- 
a6lly  to  100  of  this  metal.  The  fupernatant 
liquor  contains  the  metals  foreign  to  the  filver; 
they  are  feparated  by  the  pruffiate  of  pot-afli, 
or  by  the  carbonate  of  foda,  or  by  the  aid  of 
iron  or  zinc. 

23.  We  have  already  feen  in  what  manner 
Citizen  Vauquelin  fucceeded  in  determining  the 
nature  and  the  proportions  of  the  red  filver,  or 
fulphurated  oxides  of  filver  ?ind  of  antimony. 
The  nitric  acid,  the  muriatic  acid,  and  fixed 
alkali,  are  the  three  fol vents  which  he  has  em* 

ployed 
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ployed  with  the  moft  fuccefs  ;  the  firft  for  dif- 
Iblving  the  filver,  the  fecond  for  taking  away 
the  oxide  of  antimony,  and  the  alkah  for  afcer- 
taining  the  prefence  of  the  fulphur.  Bergman 
was  in  a  miftakerefpeftlng  this  ore,  when  he 
reprefented  it  as  efpecially  containing  arfenic. 
His  method,  being  illufdry  in  this  refpedl, 
ought  not,  therefore,  to  be  prefented  here.  Nei- 
ther is  it  requifite  for  me  to  give  an  account 
of  his  procelfes  for  analyzing  the  white  oi'es  of 
filver,  the  antimoniated  fulphureous  ore,  as  I 
have  fpoken  concerning  the  humid  affay  of  thofe 
ores  in  the  article  concerning  copper. 

24.  With  refpe6l  to  the  muriate  of  (ilver,  if 
^  it  be  mixed  with  fulphate  of  filver,  it  is  treated 

by  the  muriatic  acid,  which  decompofes  this 
fait  and  leaves  its  fulphuric  acid  diffolved;  the 
quantity  of  this  is  determined  by  the  nitrate 
or  the  muriate  of  barites,  and  by  the  weight  of 
iufoluble  fulphate  that  is  obtained.     The  mu- 
riate of  filver  is  treated  with  twice  or  thrice  its 
•\reight  of  carbonate  of  foda  in  a  crucible,  or 
in  the  cold  by  trituration  w  ith  the  carbonate  • 
'   of  ammonia,   water  and  mercury  :  this  laft  pro-; 
cefs  of  Margraif  affords  muriate  of  ammonia 
'diffolved,  and  an  amalgam  of  filver.     I  fhall 
fpeak  of  it  again  hereafter,  when  treating  of* 
the  fa<5litious  muriate  of.  filver,  which  the   na^: 
tural  refcmbles  in  all  its  properties. 

25.  There  are  fbme  refeiriblances  between 
what  has  been  faid  concerning  the  affaying  of 
iilver  by  fire  and  the  treatment  of  the ''ores 

of 
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of  this  metal  upon*  the  large  fcale.  Three  ^ 
neral  methods  are  followed  for  extraQ;ing  filver 
from  the  minerals  that  contain  it.  The  one 
confifts  in  triturating  them  with  running  mer- 
cury in  mills  conftrufted  exprefsly  for  the  pur- 
pofe;  the  amalgam  thus  produced  is  well  waflied 
in  order  to  feparate  from  it  all  the  earthy  gan- 
gue ;  it  is  then  expreffed  through  fkins  in  order 
to  caufe  all  the  ftill  liquid  mercury  to  run.  off; 
and  is  afterwards  diililled  in  a  crucible  of  iron. 
This  procefs  of  amalgamation  is  efpecially  em- 
ployed for  minerals  that  are  very  rich  in  na- 
tive filver  :  thus  the  Spaniards  tranfport  their 
mercury  from  Almaden  into  P^ru,  for  the  pur- 
pofe  of  treating  the  ores  of  that  country.  For 
fome  years  paft,  in  confequence  of  the  exertions 
of  Baron  Bora,  it  has  been.praftifed  upon  feve- 
ral  of  the  ores  of  Hungary,  with  the  addition 
of  the  aftion  of  feveral  other  matters  proper 
for  feparating  at  the  fame  time  the  other  fo- 
reign fubftances  combined  with  the  filver; 
but  this  procefs  has  not  yet  arrived  at  fuch  a 
degree  of  gerfeftion  as  to  be  capable  of  entirely 
fupplying  the  place  of  thofe  for  which  it  has 
been  fubftituted. 

26,  The  ores  of  fulphuTated  filver  are  roafted, 
and  afterwards  fufed  with  lead  in  order  to  be 
refined  by  cupellation.  -  As  to  thofe  whicfc 
contain  only  a  fmall  quantity  of  filver,  they  art 
fufed,  without  previous  roafling,  with  other  py* 
rites :  it  is  to  be  obferved,  that  thefe  are  almoff 
always  grey  copper  ores ;  there  then  refulto » 

kind 
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kind  of  matt,  which  is  called  the  fir  ft  fufion ;  it 
is  treated  by  eliquation,  and  the  argentiferous 
lead  which  is  thus  produced  is  cupellated,  in  or- 
der to  obtain  the  pure  filver  from  it.  The  cupel- 
lation  on  the  large  fcale,  which  is  almoft  always- 
the  ultimate  term  of  the  operations-  which  are 
performed  upon  the  ores  of  this  metal,  differs  • 
from  that  which  is  praftifed  upon  a  fmall  fcale, 
in  the  circumftance  that  upon  the  bottom  of  a 
,    large   furnace,    hollowed   into    a    bafin,    and 
charged  with  porous  afhes  capable  of  receiving 
and  abforbing  a  portion  of  the  Oxide  of  lead, 
the  alloy  of  this  metal -and  of  filver  is  quickly 
and  violently  fcorified  by  the  blaft  of  bellows, 
which,  in  proportion  as  the  lead  is  oxidated^ 
and  vitrified,  drives  away  the  fmall  feales  of 
this  oxide  towards  the  paffageaof  the  litharge,  as 
I  have  defcribcd  in  the  article  concerning  lead.. 

E.  OxidahiUty  by  the  Air. 

27.  Pure  filver,  when  expofed  to  the  air, 
remains  in  it  without  alteration  except  with 
]fefpeft  to  its  polifh  and  brilliancy;  it  becomes 
lefs  fliining  and  a  little  tarniihed  at  its  furface, 
but  without  being  oxidated*  We  ought  not 
to  confound  the  kind  of  covering  orftratum  of  a 
^tfeep  blue  colour,  wljich  is  formed  upon  old  filver 
^late  expofed  for  a  long  tinie  to  the  contact  of 
feveral  gafeisi  mtxed  with  the  air,  a  ftratum, 
1  nrhich  according  to  the  examination  of  it  in- 
i    ifeit'uted  by  Mr.  Plx)uft  is  merely  fulphuret  of 

filver. 
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filver.  Silver  has  long  been  believed  to  be  per* 
^  feftly  indeftruftible  by  the  conta6l  of  the  air. 
even  when  aided  by  a  very  intenfe  heat,  and  on 
this  account  it  was  ranked  amongft  the  perfeft 
metals.  Several  chemifts,  and  efpecially  Junker, 
had  advanced  that  by  treating  filver  b}^  a  long 
reverberation,  after  the  manner  of  Ifaac  the 
Hollander,  and  in  a  furnace  where  the  flame 
circulated  above  the  metal,  the  filver  was  at 
laft  converted  into  a  vitriform  oxide.  It  has 
even  been  added,  that  when  united  with  mercury 
and  divided  by  this  liquid  metal,  it  was  oxided 
by  the  proceflcs  which  are  ufually  employed 
for  converting  mercury  into  red  oxide;  and 
this  is  Dot  improbable. 

28,  Many  jpxperiments  made  (ince  the  affer- 
tion  of  Junker,  and  by  different  proceffes,  have 
proved  that  filvei*  is  really  oxidable,  but  only 
that  it  is  much  lefs  fo,  and  with  much  greater 
difficulty  than  thq  other  metals.  Macquer  was 
the  firft  who  remarked  this  oxidation  by  expo- 
fma;  filver  in  a,  crucible  to  the  intenfe  heat  of  the 
furnace  of  Sevres,  twenty  fucceffive  times.  At 
the  laft  time  verv  fenfible  traces  of  oxidation  were 
perceived,  and  a  vitrification  of  an  olive  colour, 
The  fame  phenomenon,  or  one  analogous  to  it, 
|ias  been  obferved  by  Citizen  Darcet  in  a  cru- 
cible of  porcelain,  in  which  the  filver  had  been, 
expofed  to  the  fame  heat  of  the  furnace  of 
Sevres ;  at  the  fame  time  that  the  metal  fwelled 
and  broke  the  crucible,  the  portion  which  ha4 
run  out  over  its  fides  was  oxidated  and  vitrified 

into 
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into  a  yellow  mafs.  Macquer  never  failed  tax)b- 
•  ferve,  when  treating  filver  in  the  focos  of  a  burn- 
ing glafs,  that  after  a  long  incandefcence  it  be- 
came covered  with  a  white  powder  which  formed 
a  ftratum  upon  the  fupport  of  the  filver.  Hom- 
herg,  in  the  firft  experiments  with  the  burning 
glafs  of  Tchirlhaufeii,  had  made  the  fame  obfer- 
vation  upon  filver  and  upon  gold.  It  cannot 
be  doubted  that  thefe  facts  indicate  a  marked 
:  oxidation  of  the  filver,  and  that  they  become 
more  ftrong  and  conclufive,  M^hen  joined  with 
the  new  experiments  of  which  I  am  about  to 
give  an  account. 

29.  It  is  to  Citizen  Van  Marum,  Avho  has 
made  fo  many  valuable  refearches  refpefting  the 
efFe6ls  of  ele6lricity  with  the  grand  machine  of 
Teyler,  that  we  owe   the   knowledge   of  the 
combuftion,  and  even  of  the  inflammation  of 
filver.   By  paffing  the  eledric  fhock  from  a  bat- 
tery through  a  wire  of  this  metal,  the  wire 
is  fuddenly  reduced  as  it  were  into  powder  with 
•  a  greenifli  white  flame,  which  pafles  \vith  the 
rapidity  of  lightning,  and  the  oxide  manifeftly 
formed  in  this  operation  is  diflipated  in  fmpke. 
If  we  perform  the  fame  operation  by  wrapping  up 
the  wire  or  fixing  it  upon  white  paper,  it  attaches 
itfelf  to  it  in  a  very  fine  powder  of  a  greeniih 
-    grey  colour,  fo  fine  and  fo  adherent  that  it  re- 
,,  fembles  fmoke,  or  a  light  covering  which  eau- 
^  not  be  feparated  from  it  again.     It  is  impoflible 
..  here  to  doubt  either  of  the  ftate  of  oxidation 
j^  of  the  filver,  or  of  its  combuftibility,  becaufe  the 

pheno- 
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phenometion  is  conftantly   accompanied   with 
flame.     We  may  attribute  this  effe6ii,  which  is 
not  produiccd  by  ordinary  fire,  however  i»teufe 
it  may  lie,  to  the  extreme  divifion  of  the  metal 
by  the  eledric  ihock,  and  to  the  high  tempera* 
turc  produced  by  the  eleftric  commotion  in  the 
bo^y  which   is    expofed   to  it.     A  ftroke   of 
Kghtning  upon  filver  Avires  and  filver  furniture 
produces  exaSly  the  fame  phenomena,  and  is 
followed  bv  the  fame  refults. 
.  SO.  The  oxide  of  filver  formed  by  thefe  dif- 
feieat  proceffes,  and  wliich  is  fo   difficult  to 
be  obtained,  is  likewife  extremely  eafy  of  re- 
dttftion,  hecaufe  the  filver  adheres  to  the  oxigen 
very  weakly.      Though   the  prefence  of  this 
body  augments  its  weight,  changes    its   pro- 
perties,   and   efpecially   renders   it     acrid  and 
cauftic,  nothing  more  is  required  than  to  ex- 
pofe  thefe  greenifli  or  yellowifli  grey  oxides  to 
the  conta6l  of  the  folar  rays,  in  order  to  make 
them  aflume  a  darker  colour,  become  bl^ck  and 
apppoach  to  the  metallic  ftate.     When  .we  heat 
them  in  clofe  veffels  and  with  the  pneumato- 
chemical  apparatus,  we  obtain  from  them  pure 
oxigen  gas,  and  eafily  convert  them  into  the 
brilliant  fend  ductile  metal  by  fufing  them  in  a 
crucible. 


F.  U»km 
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F.   Union  with  the  Combu/libU  Bodies, 

31.  Silver  unites  witli  almoft  all  the  fimple 
combuftible  bodies,  except  azote,  hidrogen, 
carbon,  and  the  diamond.  Hidrogeu  a?nd  car- 
bon decompofe  its  oxides  quickly  and  vC^fily, 
fonietimes  even  without  requiring  the  aid  of 
lead  :  in/  tliis  manner  hidrogen  gas,  received 
upon  paper  or  filk,  impregnated  with  folutions 
of  filrer  in  the  acids,  feparates  the  oxide  frorii 
them  in  the  metallic  and  brilliant  ftate.  'Car- 
l)on  produces  the  fame  efFe6l  at  the  tempera- 
ture  of  ignition.  * 

32.  Pelletier  was  the  firft  who  gave  an  ac- 
count of  the  combination  of  filver  with  phof- 
phorus.  One  part  of  filver  in  filings,  treated  in 
^  crucible,  with  two  parts  of  vitreous  phofphof- 
•ric  acid;  and  half  a  part  of  charcoal,  yielded 
't)y  the  reduSion  of  the  acidule  of  phofphorus, 

and  by  its  union  with  the  metal,  a  phofphuret 

orf  filver  which  had  acquired  one  fourth  of  the 

•primrtrve  weight  of  thefilver,  tend  was  white,  gra- 

niulated,  cryftalline,  brittle,  and  capable  of  being 

cut  with  a  knife.    When  phofphorus  was  thrown 

'Upon  filVer  heated  to  rednefs  in  a  crucible,  the 

"^ttal  wUs  immediately  fufed,   and  the  phof- 

^;|Aluret  formed  remained  in  quick  fufion ;  but 

'as^foon  as  it  became  fixed  at  its  fufficp,-  alarge 

■quantity  of  the  phofphorus  fl^wocit  with  a  great 

cxplofion  fram  tlie  mafe,''and*at  the  fame  inftaiit 

•the  furfiice  of  the  metal  became  covered  with 

protuberances. 
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£lver,  and  form'mg  with  it  a  particular .  alloy, 
4uid  yet  but  very  few  of  tfaefe  alloys  are  ufbful 
or  employed. 

Arfenic  unites  with  filver,  and  deprives  it  of 
its  du^ilitity  :  this  alloy  is  yellowifli  without^ 
and  of  a  dark  grey  in  its  interior :  when  it  is 
expoied  to  the  fire,  the  arfenic  fublimes,  sxti 
the  filver  remains  pure  and  dufiile.  Zaileadof 
employing  this  brittle  metal,  the  vicinity  and 
the  cQnta6i  of  arfenic  Mith  filver  is  avoided 
as  much  as  poifible. 

No.  alloys  of  tungften,  molybdena,  chrO' 
mium,  titanium,  uranium,  or  mang^uei^  with 
filver,  are  known.  .        ' 

Cobalt  does  not  unite  with  filver  unlefs  vitk 
great  difficulty.  When  thefe  two  metals  m 
fufed  in  a  crucible,  they  remain  feparate  fion 
each  other,  the  filver  below  and  the  coWl 
abQve,  by  reafon  of  their  fpecific  gcavitia 
Gellert,  however,  obferves,  that  after  havtngfUU 
two  parts  of  cobalt  and  one  part  of  filver,  fk 
latter,  feparatedat  the  bottom  of  theorucibl^jhi' 
:l>ecjume  more  brittle  and  of  a  grey  colour,  vIkH 
4jbie  cobalt  was  whiter  than  ordinary,:  ittheieiQtt 
appears,  that  fome  fiight  liniou'  takes  plaoe^b^ 
twQen. thefe  two  metals,  and  that  adivifioai 
jeffe^ied  between  them. 

,iNickel  does  iiot  unite  at  all  with  i^ 
-When,  we  fufe  thefe  tA?o  metals  in  ^  cnidttl 
they  remain.  difiinS;,  and  may  be  feparatoldf 
!the  firoke  of  a  hammer  :  fometimes  theyfAcB 
lihesnlebres^t  (the  fide  of  each  other;:  tbiMfgl 

2  tbtf 
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Ihcir  fpeeific   gravities   are   coilflderably  dif^ 
f^^renti-        •.-';•' 

^-35.  Bifmiith  unites  Very  >^ell    with*  filVef: 
tjiere  refults  a  hard  metal,  brittle,  laineilated,  of 
a- colour  intermediate  between  that  of  bifmuth 
and  that  of  antimony,    of  a  fpecific  gravity 
greater  than  the  mean  refultin'g  from  that  of  the^ 
two   metalfe :    th^y  adhere    to  each  other   fo . 
ftrongly  that  they  cannot  be  fepkrated  with-' 
out  difficulty.  ^   When  this  alloy  is  ekpofed  to  ia 
ftrong  fire  and  the  contaft  of  the  air,  the  bif- 
muth  ii  oxidated  and  vitrified,   and  at  the  fame 
trme  in  part  fublimed,  fo  that  it  iliay  be  em-: 
ployed  like  lead  in  the  cupellation  of  filveri 
in  order  to  carry  off  from  it  the  metalS  which  ; 
are  more  oxidaBle  than  itfelf     Th(^r6  are  even/ 
cafas  in 'which  the* aflayers  piVefer  bifmutlitd/ 
lestHi  as  it  i*  okided-more  quibkly,  ind  patieis, 
with  greater  facility  into  the  cuipel:  -  Dtiftiy^i^-'' 
pofed  it  in  1 727,  arid  Pott:  verified  its  nfe.     The 
cupel  id  colonized' ycllovr  by  this  metallic  matter; 
aad  it  ftequently  craclcs  duririg  the  «:)p^rati6n. 
Sl»ifae  ehataifts  havfc  affetted '  that  bifitiuth  cu- 
pelled alOne  left  a  fmall  button  of  filver  upoi\ 
the  cupel :  but  this  latter  metal  is  contained  in " 
it  iniuch  little  abundance  that  it  appears  to  Ite 
xefdiy  of  no  tonfequence. 

t36.  The  alloy  of  antJinibny  and  filver  is  made 
Tery  eafily  by  fufioh;  there  rdTults  a  metal  fpe- 
cifieally-  heavier -than  the  calculation  of  the 
^weight  of  the  two  metals  indicjates, ;  of  little 
4is6tiiityi :  and  of  no  ufe,  ^^ChemiftS  have 
iVoL.  VI,  F  f  long 
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long  fince  rciflarked,  that  the  fulphuret  o^  ati^ 

timouy  was  decompofed  by  filver ;    that  this 

metal  united  with  the  fulphur,  whilft  a  part 

combined  at  the  fame  time  with  the  antimony. 

This  laft  was  formerly  termed  the  lunar  regulus 
of  antimony. 

37*  Mercury  has  a  great  attradion  for  filvec 
In  the  experiments  of  Citizen  Ouyton,  filver 
holds  the  fecond  rank  immediately  after  gold^ 
with  refpe6l  to  its  adheiion  with  this  liquid 
metal     He  has  efiimated  it  at  429^  gold  being 
446;  and  tin  418;  accordingly  it  unites  with 
it  very  eafily,  and  an  amalgam  is  made^  either 
by  triturating  leaves  or  fine  filings  of  filyer  with 
nicrcury,  or  by  adding  heated  mercury  to  red- 
hot  ^Iver  in  a  crucible,  or  by  precipitating  filver 
from  its  folutions    in  the  metallic  fornix  and 
t$en  prefenting  it  to  the  c6nta£k.  qi  mergury. 
'The  confiftence  of  the  amalgam  of  filver  yariea 
according  to  the  proportion  of  the  two  metals 
that  are  united.     It  is,  in  general,  white,,  dull 
and  foft ;  it  is  fpecifically  heavier  tl^aa  the  two. 
metals  which  conftitute  it  would  iixdii}a(t%  bjT. 
their  proper  gravity ;  it  even  finks  to  the  bottom  ; 
of  funning  mercury.     This  properlky  denote  a 
ft^ng  penetration  between  thefe  ty^p  nietals,/ 
and  a   reciprocal    condenfatipfl  j    ae^rdingljt. 
they  become  heated  and  dilate^  aft  firi^  .atlli 
moment  of  theif  combination*    Whfn. 'we.cs-/' 
pofe  it  to  a  gentle  heat,  continued  for  fome  tiiac^ 
it"becomes  ramified  and  develop?dJijtQ.a  kini' 
of  vegetation  like  the  tree  of  Diaw^  of  which-, 
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wfe  ihatl  fpeak  hereafter.  It  has  even  been  faid, 
that  when  gold  w^as  added  to  it,  the  extremities 
of  the  branches  of  this  tree  bore  fmall  buttons  of 
gold,  which  have  been  compared  Avith  the 
golden  apples  of  the  Garden  of  the  Hefperides.  If 
after  having  fufed  it,  it  be  fufFered  to  cool  flowly, 
it  cryftallizes  into  lentiform  leaves,  or  into 
fquare  piifms  terminated  by  tetrahedral  pyra- 
mids. Though  the  aflion  of  the  fire  feparates 
the  .mercury  from  it,  as  is  feen  in  the  treatment 
of  fome  of  the  ores  of  filver,  the  laft  portions  of 
this  volatile  metal  are  very  difficult  to  be  ob- 
tained, and  it  feems  that  the  mercury  is  fixed  a 
little  by  the  filver.  When  left  for  a  long  time 
in  the  air,  this  amalgam,  hardens  and  becomes 
m6re  confident  than  it  was  before.  It  has  been 
aflerted,  and  it  is  not  improbable,  that  the 
amalgam  of  filver,  heated  in  contaft  with  the 
air,  in  the  apparatus  in  which  tnercury  is  heated 
iu  order  to  reduce  it  into  oxide,  undergoes  to- 
gether with  it  the  fame  oxidation,  and  that  this 
is  a  means  difcovered  by  the  alchemifts  for 
oxidihg  filver.  This  amalgama  is  much  em- 
ployed for  filvering. 

38.  Silver,  unites  eafily  with  tin ;  but  this 
alIoy>  inftead  of  being  ufeful,  is  confidered  as 
one  of  the  moft;  dangerous  ;  and  it  is  fo  much 
dreaded  by  the  goldfmiths  and  artifl;s  who  ufe  or 
-work  filver,  that  tiiey  avoid  even  fufmg  tin  and 
fuffering  its  vapour  to  come  in  conta6l  with 
JSlver,  as  *it  is  fuppofed  to  deprive  it  of  all  its 
ductility.    When  we  fufe  thefe  two  metals  to- 

FfS  gether 
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gether,  we  obtain,  a  brittle  mafs,  of  a  texture 
fimilar  to  that    of  the   brittle  metals,    which 
flattens  but  very  little  under  the  hammer,  on 
account  of  its  hardnefs.     Wlien  this  alloy  is 
expofed  to  a  reverberatouy  fire,  or  under  the 
muffle   of  the  cupelling  furnace,  we  obtain  a 
vegetation,  an  oxided  fcoria,  which  does  not 
feparate  from  the  filver  without  much  difficulty, 
though  it  be  ftill  foluble  in  mercury.     It  is  ex- 
tremely difficult,  nay  almoft  impoffible,  to  pu- 
rif}^  this  alloy  by  means  of  lead.     Kraft  and 
Mufchcnbroec'k  fay,  that  thi  increafes  the  firm- 
ncfs  or  the  hardnefs  of  filver.     The  lajtler  alferts, 
that  an  alloy  of  four  parts  of  filver  and  one  of 
tin,  is  as  hard  as  the  combination  of  copper  and 
tin  ;  that  a  larger  proportion  of  tin  foon  dirai- 
nirties  thciirmncfs  of  the  filver;  that  this  alloy 
prefents  in  its  frafture  a  very  fine  granulated 
furface;  finallv,  that  a  flill  more  confiderable 
proportion  of  tin  renders  the  filver  fo  hardtbat 
it  is  very  difticult  to  file  or  even  fufe  it    It 
would  be  wrong  to  conclude  from  hence,  that 
there  is  nothing  good  or  ufeful  to  be  hoped  fioni 
this  alloy  of  filver  and  tin,  fince  its  hardnefs, 
joined  with  its  diipofition  to  change,  may  render 
it  valuable  for  feveral  ufes. 
^  39.  Lead  combines  very  eafily  with  filver  by 
fufion;  it  even  fingularly  favours  the  fufibility 
of  the  filver,  as  is  proved  by  the  phenomena  of 
the  cupellation.   Kraft  has  found  this  alloy  to  be 
more  denfe,  and  fpecifically  heavier  than  is  indi- 
cated by  the  comparifou  of  thefpecific  graVitiesof 

'  3  \'      the 
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tiie  two  metals  united.     Mufchenbroeck,  ^^lio 

jbas  carefully  examined   moft   of  the  metallic 

alloys^  has  like  wife  Ihidied  and  treated  of  that 

of  filver  and  lead.     From  his  experiments  lie 

has  drawn  the  inference,  that  the  lead  greatly 

diminiflies  the  ftrength  and  firmnefs  of  the  filver; 

and  that  the  making  of  this  alloy  ought  to  be 

jivaided  in  the   arts.      It  approaches  nearer  to 

the    colour   of  the  lead  than  to  that    of  the 

filver.       LfCad  does    not  deftroy   the  du6iiljty 

of  filver,  like  tin,  but  it  deprives  it  of  its  fono- 

rous  property..    I^ad  has    more  attraftion  for 

fiilphur  than  filver  has,  and  it  decompofes  with 

the  aid  of  heat, 'the  native  or  artificial  fulphuret 

of  filver.     This  allov  of  filver  and  lead,  is  made 

only  in  order  to  fubmit  the  filver  to   cnpella- 

tion;  i;t  is  thi«  which   is  obtained  in  the  large 

way  in  the  eliquation,  as  has  already  been  faid. 

40.  Iron  eafiiy  forms  an   allov  with   filver. 

According  to  Wallerius,  an  alloy  of  thefe  two 

.metals,    in   equal  parts,  has   nearly   the  fame 

r"  colour  as  filver  J  it  is  harder,  lels  flexible,  though 

-  iiifliciently  du6lile,  a;id  attradable  by  the  mag- 

'   net.     Steel  is  foldercd  with  filver.      Gellert'ob- 

T  ferves;^  in  his  Table  of  the  Affinities  between 

Jthe  metallic  fubftances,  that  filver  has  a  fironsrer 

;.4^flfinity  with  iron  than  with  copper.     It  is  fin^- 

♦:|gular  that  this  kind  of  alloy  has  not  yet  been 

'^,^xamined  with  much  attention,  as  it  feems  to 

\\^  calculated  to  become  of  great  utility  in  the 

i^^-ts  and  in  fociety,  either  by  diminifliing  the 

jjprice  of  certairx  utenfils,  or  by  communicating 
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to  filver  certain  properties,  which  feera  to  he 
capable  of  addjng  to  the  utility  and  to  the 
go6d  qualities  of  this  precious  metal  Citizen 
Guyton;  by  fufing  iron  and  filver,  with  his  re* 
ducingflux,  in  Macquer's  furnace,  obtained  two 
buttons,  placed. one  at  the  fide  of  the  other, 
ftrongly  foldered  together,  and  fufficiently  dif* 
tinft,  whiah  feemed  to  indicate  that  the&twQ 
metals  are  incapable  of  unitingt 

41.  Copper  is  one  of  the  metali  with  which 

the  filver  alloys  the  beft;  and  this  alloy  is  one  of 

the    moft  ufeful      The    principal    advantage 

which  it  affords  is,  that  it  communicates  to 

filver  much  more  hardnefs  than  it  natdrallyhas; 

and  that  it  confequently  renders  it  much  better 

adapted  for  making  veffels,  utenfils,  coins,  &c 

This  alloy  has  feveral  very  remarkable  properties. 

The  denfity  of  the  filver  is  diipiniflied,  thougb 

its  firmnefs  and  hardnefs  a^e  increafed  ;  which 

indicates  that  the  fum  of  the  intervals  between 

the  particles  of  the  alloyed  mix^ture  is  greater 

than  in  each  of  the  metals  in  particular,  and 

that  the  additional  hardnefs  depends  uponadif* 

ferent  arrangement  of  the  molecules  of  the  filver, 

rather  than  upon  their  approximation,  as  vc 

might  have  been  led  to  believe,  did  not  exp^ 

rience  reftify  our  judgment  in  this  particular 

Citizen  Haiiy  obferves,  that  in  the  alloy  autho* 

rized  in  commerce,  in  which  the  proportion  (if 

the  filver  to  the  copper  isa$  137  to  17,  thefp^ 

cific  gravity  is  10,175;  whereas,  if  there  w« 

no  dilation   of  ^ the    metals  alloyed,    it  wottU 

be 
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be  10,901 ;  which  giveis  about  ^  for  the  quan« 
tity  of  this  dilation  in  the  alloy  here  mentioned. 
A  fecond  very  remarkable  property  of  the  alloy 
of  filver  and  copper  is,  that  the  firft  prcferves  its 
white  colour,  though  containing  a  confiderable 
quantity  of  copper ;  fo  that  this  metal  is  enve- 
loped in  fuch  a  manner  as  not  to  become  fenfible, 
unlefs  by  chemical  operations,    more  or  lefs 
complicated.       Newton,    whofe    genius    was 
(Iruck  by  this  lingular  property  which  exifts 
in  ^  more  or  lefs  evident  manner  in  moft  of  the 
white  metals,  was  led  to  conjefture,  that  the  par- 
ticles of  the  white  metals  had  a  more  extenfive 
furface  than  the  yellow  or  red  metals,  that  they 
were  at  the  fame  time  very  opaque,  and  that  they 
covered  the  copper  without  fuflfering  the  colour 
of  this  metal    to  Ihine  through  them.     The 
alloy  of  filver  with  copper  is  determined  in  its 
proportions  by  flri6l  laws,  amongd  all  civilized 
nsltiotis,  on  account  of  the  facility  with  which 
fraud  ipay  be  committed  by  increafing  the  pro* 
portion  of  the  cqpper,  and  in  order  to  fupport 
the  confidence  of  commerce.    Wrought  filver 
and  filver  coin*  have   different   flandards    in 
each  nation :  this  ftandard  in  the  French  repubr 
lie  has  a  vdry  elfential  advantage  for  the  perfec- 
tion of  the  arts,  and  of  the  calculations;  namely, 
fliat  it  correfponds  at  prefent  with  the  bafis  of  the 
weights  ^nd  peafures,  the  original  of  which  is 
taken  in  the  meafpre  of  the  earth,  and  which 
by  this  invariability  grounded  in  the  power  and 
the  law9  ^nature,  have  a  pre-eminence  over  all 


the  meafurcs  liitherto  ufcidj  .^lijch  w^ill  caufc 
them  fooner  or  later  to  be  9d<^pt^d  by  all  en^ 
lightened  patipns,  :  v    '    .:* 


G.  ASion  of  Water  and  of  the  Oxides. 

> 

42.  There  is  no  a6lion  between  iilver  and 
water.  To  whatever  temperature  we  niay  raife 
thefe  two  bodies, '  and  .however  long  we  may 
heat  them  in  contadl  with  each  other, .  they  ab- 
folutely  exert  no  attraftion  upon  one  another, 
and  no  change  takes  place  in  them  ;  thus  veffels 
of  filver  remain  for  a  long  time  nn<ler  water, 
without  their  properties  or  their  nature  being 
in  any  manner  changed ;  ortly  their  colour  is 
fometimes  altered,  either  by  the  fubftances 
which  the  water  may  hold  in  folutiop,  onby  the 
depofition  of  thofe  which  arc  frequently  fuf- 
pended  in  it.  This  nullity  of  afyon  between 
water  and  filver,  depends  entirely  rupon  the 
little  attra6lion  that  exifts  between,  this,  metal 
pnd  oxigen  j  and  as  hidrogen  -fo  ealily  decom- 
pofes  and  reduces  its  oxide^i  it  is  v^iryievideiit 
that  it  cannot  take  from  this  body  the  oxigeo 
with  which  it  is  faturated,        ;s;   ..-. 

43.  It  is  for  the  fame,  reafonvthat  it  ex- 
perience^ no  alteration  frx)m  tlie  metallic  oxid«, 
por  caufes  them  to  undergo  any: : on  the  caH" 
trary,  its  own  pxide  yields  its  otxigea  to'nioft 
of  th^  other  met^l^,  and  particularly  to  copper, 
iron,  mercury,  zincj  antimony,:  man gai^ 
&c.    Ther^  areifome  which  di.videAvithiit  oafy 

the 
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the  greater  part  of  its  oxigeh.  Upon  this  double 
^^ion  of  the  metals  on  the  oxide  of  filver 
depends  the  precipitation  of  this  metatl,,  eitiicr 
pure,  in  the  brilliant  and  metallic  ftate,  or  in  part 
oxidated^  which  is  efFe6led  in  its  folution  in  the 
acids  by  means  of  the  different  metals  that  are 
immerfecl  in  it.  We  flialLfee  hereafter  that 
this  iSjthecaufeof^.feiseral  rvfimarkable.pheno* 
mcnk,  which  have  formerly  been  confidpred  as 
a  kind  of  chemicsal  miracles,  but  which,  become 
very  fimple  in  their,  e^tplanation  according  )to. 
theTheory  which  I  h9.ve  already  fet  forth,^  o  -    . 


i  - 


A.  Adioh  of  the  Acids. 


44.  Though  the  little  attra&ion  which' 
filver  exerts,  upon  oxigcn  renders  this  metal 
miich  'le&r^lterable  and  foluble  by  ^e  acids 
than '  rooit  bf^  the  metals  which  have  hitherto- 
been  defcribed;  it  is,  however,  infinitely  diftin- 
guiihed  from  the  two  following,  by  the  manner 
in  which  tbpfe:burned  bodies  aO;  upon  it,  and- 
,it  is  fenlibly  more  alterable  and  foluble  than 
ttey  are.       . 

The  fulphuric  acid  does  not  attack  it  in  the 
ct)ld ;  but  when  we  boil  three  or  foiir  parts  of 
this  concentrated  acid  upon  one  part  of  filver  in 
clippings  or  filings,  an  effervefcence  enfues,  with 
ah  abundant  difengJigemeirtt^of  fulphureous  acid- 
gasy  and  the  metal  is  changed  into'  a  white 
mafs  or  powder  which  diflTolves  entirely  in  water 
iharpened  with  a  little  fulphuric  acid.     Che- 

mifts 
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BiiUs  have  compared  this  comhintition  with  that 
of  mercury  with  the  fame  add,  and  there  arc^ 
m  &£):,<  fome  points  of  refeinblance  between 
thefe  two  phehomena ;  but  We  never  obfervti 
here  that  portion  of  infoluble  oxide  which  thc^ 
mercury  prefents.  We  obtain  by  the  procefs  here 
indicated  a  eolourlefs  folution  of  fulphate  of 
fiimer  with  exceft  of  acid,  very  iharp  ahd 
-cauitic,  which  aifords  by  evaporation  fmall 
white  and  brilliant  cryftals  in  the  form  of  very 
fine  prifms  or  needles.  If  the  folution  be  more 
concentrated,  it  fometimes  depoiits,  in  propop 
tion  as  it  cools  (for  much  heat  is  produced 
whilft  it  tai:es  place,)  cryftals  in  plates  or 
Jaminas  fufficiently  large,  white,  very  brilliant, 
which  hav0  appeared  to  me  to  be  formed  by  the 
union  of  comprefled  tetrahedral  prifms. 

45,  The  fulphate  of  fil ver  is  confidcrably  fixed 
in  the  fire ;  it  fufes  aud  fwells,  and  is  decompoled 
by  an  intenfe  heat,  by  which  it  blackens,  yields 
fulphureoiis  acid,  oxigen  gas,  and  is  reduced  into 
pure  and  dudtile  filver.  Frequently,  the  veflch 
of  glafs  in  which  this  operation  is  perfbrm^  be- 
come tinged  with  an  olive-yellow  colo\ir.  Tte 
light  colours  it,  though  (lowly,  broWn  or  black. 
Phofphorus  in  ?(,  highly  divided  ftatc,  or  bumihg 
fulphur  reduce  it  without  other  heat;  ignited 
charcoal  decompqfes  it.  The  acids,  except- 
ing the  muriatic  which  feparates  and  carries 
down  the  oxide  of  filver,  do  not  caufe  it  to 
undergo  any  alteration.  All  the  cauilic  alkali 
and  alkaline  earths  precipitate  it  into  oxide  of 

^Iw 
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filver  of  a  dark  grey  or  brownifli  colour^  efpc* 
cially  by  the  conta6i  of  light ;  lime  preci* 
pitates  it  ia  a  greeniih-grey  powder ;  ammonia, 
after  having  precipitated  and  re-diflblved  it;  the 
piuriatic,  pbofphoric,  and  fluoric  falts  precipi* 
tate  it  alfo  by  a  double  attradion ;  the  carbonates 
form  in  it  a  white  precipitate  of  infoluble  car* 
bonate  of  filver*  All  the  precipitates  of  this 
fait  formed  by  the  alkaline  fubftances  are  re* 
duced  in  clofe  veffels  by  means  of  heat,  which 
difengages  oxigen  gas  from  them,  and  reduces 
the  oxide  to  the  ftate  of  pure  filver.  The  alkaline 
^Iphurets,  aqd  even  water  charged  with  ful« 
phurated  hidrogeh^  as  well  as  fulphurated  hi« 
drogen  gas,  decompofe  the  fulphate  of  filver, 
and  form  in  its  folution  a  black  precipitate  of 
fulphuret  of  filver ;  for  the  oxide  is  reduced  by 
the  hidrogen  at  the  fame  time  that  the  filver 
unites  with  the  fulphun 

46.  The  fulphureous  acid  has  no  aflion  upon 
fjilver;  but  its  oxide  eafily  combines  Math  it 
From  the  brown  colour  which  it  has,  after 
having  been  feparated  from  the  nitric  folution 
by  a  pure  alkali ;  il  affumes  the  form  of  fmall 
brilliant  grains,  of  a  pearly  grey.  This  ful- 
^hite  of  filver  is  not  changed  in  its  colour  and 
nature  by  the  contaQ;  of  the  light  The  ful- 
phureous acid  precipitates  the  nitric  folution 
of  this^metal  into  a  white  powder  of  fulphite 
of  filver.  The  fame  fait  is  obtained  in  the  famfe 
form  when  the  fulphite  of  ammonia  is  added  to 
the  nitrate  of  filver.  An  excels  of  this  ful- 
phite re-diflblives  it  and  forms  a  triple  fait. 
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ITiis  fulphite  of  afnmoYiia  alid  filver,  expofM 
to  the  fun,  becomes  covered  with  a  pellicle  of 
filvcr,  and  the  liquor  afterwards  contains  fuU 
phat'e '  of  ammonia.     "The    fnlphureous    acid, 
aided  by  the  attraflion  of  the  ammonia,  carries 
off,  therefore,  the  oxio-en  from  the   oxide  of 
filver     When   We  mix  oxide  of  filver  with  a 
(blution  of  fulphite  of  ammonia,  it  diffolves  in 
it,  and  forms  the  fame  triple  fait  equally  de- 
compofable  by  the  aftion   of  the  light.     The 
muriate  of  ammonia  decompofes  the  fulohite  of 
filver,  and  the  precipitate  which  is  then  formed 
is  black  and  in  part  reduced,  lb  that  there  re- 
, mains  fulphate  of  ammonia  in  the  liquor.  When 
expofed   alone     and  pure  to   the    light,    the 
fulphite    of    filver    becomes    brown    without 
bein^  completely  deconipofed ;  heated    by  the 
Mo\\F.-^ipe  uj3on  a fnpportof  charcoal,  it  exhales 
fulphureous  acid,  is  fufed  into*  a   yellow  niafs, 
aind  leaves  a  hiifton  of  pure  filver ;  treated  in  a 
tlibfc  of  glaTs  pafling  through  a  furnace,  it  affords 
k  little  fulphureous  acid,  afterwards  fulphuriq 
acid,  and  leaves  reduced  filver  as  its  refiduum. 
The  portion  which  is  in  contact  with  the  glafs, 
combines  with  it,  and  gives  it  a   lig-ht  broM-n 
or  capuchin  colour.     Though  very  little  folu^ 
ble  in  water,  it  is  rendered  perceptible  in  it  by 
the  muriatic  acid,  which  throws  down  a  whit^ 
eloud  ;'Mthas.an  acrid  and  metallic  tafte.     The 
cauftic  alkalis  diifolve  it  and  form   with  it  a 
triple  fait,  analogous  to  the  ammoniacal  faU 
pirate  of  filver  Mhich  has  been  defcribed.    It 


«>  »■•«  ^ 


U  evideixt,.  thai  JJiere  cannot:  exiit^ray^fulph^ 
rated  fulphite,  of  filven  ;  ^  : . .    ;.      ;   . "? 

47.  The -nitric  acid  .hasf  always  been- con-» 
fidered  as  the  tiue  folvent  of  filver.  And  in 
f'dSt,  when  we  immerfe  iutp  this  acid,  -  neither 
too  much  nor  too  little  concentrated,  filver  iQ 
plates,  in  Avires,  or  in  filings^  an  effervefcenca 
quickly  takes*  place.  If  the  yeffel  be -conical 
and  very  high,  the  nitrous^j^as  which ;  is  dif-: 
•engaged  from  the  bottom  is  diflblved  in  tlie  acid^ 
and  tinges  its  inferior  part  with  a  green  colour; 
it  is  evident,  that  this  colour. is  not  to  be 
attributed  to  copper,  fince  it  difappears  ;  as  ilj 
does  at  the  moment  when. the  heat  produced  by 
the  effed  of  the  folqtion  no  longer  permits  the 
nitrons  gas  to  remain  diflblved  in  the  liquid< 
If,  on  the  contrary,  the  green  ^coltHirJs  per^ 
manent  and  pafl'es  to:^  a  |>kie,  •  if .  it  .vaugmeats 
in  proportion.^  the  iqlution  iadyanoes,  it*  i$ 
then  to  be  concluded  tliat  it.  wowing  to  copr 
per;  of  which  we  may  convince  ouiff lyes ^by 
pouring  into  it  a^  foiall  quantity  of  ampipnigt, 
which  greatly  aii^ment^  idtie^n/te^ifity  of  the 
blue  colour;  but  this  d^es^o;trjh^ppen  with  pur^ 
filver.  When  this  me.tal  contains  a  Little  gold, 
which  occurs  particularly  in  old  pieces*  of  filver 
plate,  the  gold  not  being  fenfibly  Jfoluble  in  the 
nitric  acid  in  comparifon  with^the  iilver,  iu 
proportion  as  thp  latter  difiblves,  a  blackifli.or 
dark  purple  powder,  prefents  itfelf  at  the  hot-; 
iom  of  the  liquor,  which  is  nothing  more  than 
the  gold  beginning  to  be  oj^jidated,  aslfliall 

ihow 
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49.  The  :cryftallized  nitpatc  of  (ilver,  wW 
expofed  to  th«  light  of  the  fun,  gradually  black- 
ens, and  even  changes  at  foin^  points  into  fmall 
biilliant  and  metallic  plates  of  a  bright  poliihj 
vhich  cannot  fail  to  be  recognized  as  pure  filver. 
When  heated  in  a  crucible,  it  is  quickly  fufed 
into  a  brown  liquid/ which  fwells,  and  becomes 
inflated  as»  it  lofes  Its  water  of  cryftaliization;  and 
afterwards,  in  a  gentle  heat,  it  remains  in  traB-^ 
quil  fufton^  If  we  liifFer  it  to  cool  in  this  ftatc 
of  fufion>  it  concretes  into  a  mafs  of  a.dark 
gt§y  or  blackifli"  colour  :  by  pouring  it'intoaiii 
i|igQt:mould  of  iron  or  copper,  of  rather  iiitoa-' 
mould' formed  of  fever al  fmall  vertical  cylindri*- 
cal  tubes,  , pre vioufly  well  greafed:  or  oiled,  Wc 
obtain  cylindei-s  or  pencils,  blackiflf  withoul, 
and  prefenting  radiated  needles  in  their  frkfhifi^ 
which  are  employed  in  furgery  under  the  bw- 
barous  name  of  lapis  infemaliSj  on. account  of 
their  caufticity.  In  order  to  prepare  this  re- 
medy, they  do  not  give  themfelves  the  brbuUe  in 
the  laboratories  of  pharmacy  .to  c^itfe  the  nitric. 
folution  of  filver  to  cryftallizc:; '  buff^evupcorate 
to  drynels  ;  after  which  they  j&ifc  the'lrefidiiutt 
in  a  capfule  of  filver,  and  poUr  it  in  -tfte- 
mould.  The  nitrate  of  filver  muft'nbt  be  heated 
for  too  great  a  length  of  time  when  it  is  to  be. 
caft  into  lapis  infernalis^  \f\\\c\i  is  only  this  filt 
deprived  of  its  water  of  cryftaliization,  and  fpntf*- 
ing  a  cpherent  and  folid  maft ;/ for.  if  it  Jbeikqrf 
a  little  beyond  itsfuiion  upofttbQfire,;  andefpfr 
cially  if  th«  heat  be  inconfiderately  augmented 
:  it 
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it  is  decoriipofed  and  reduced  into  filver :  glo- 
bules of  this  metal  are  always  foiind  at  the 
bottom.  When  we  heat  nitrate  of  filver  in 
a  retort  with  the  pneumatic  apparatus,  we  ob- 
tain nitrous  gas,  oxigen  gas,  very  pure  at 
firft,  afterwards  mixed  with  azote  gas,  and  thei 
filver  is  found  reduced  into  a  pure  and  fiif- 
ficiently  dudile  mafs  at  the  bottom  of  the  cfu- 

,  cible.  I  have  feveral  times,  in  this  operation^ 
feen  the  retorts  and  matrafles  that  were  ufed, 
coloured  of  a  very  beautiful  chefnut  browii, 
and  have  attributed  this  effe6l  to  a  fmall  quan-^ 
tity  of  filver  which  had  penetrated  the  fufed  or 
fofteued  glafs  ;  for  many  other  fa6ls  have  fhowh 

-  me  that  the  oxide  of  filver  when  pure  and  alolie, 

is  vitrified  of  an  olive-green  colour.     When  we 

place  a  plate  of  nitrate  of  filver,  mtII  dried  upon 

an  ignited  coal,  a  detonation  of  confiderable 

.brilliancy  takes  place  without  the  nitrate  being 

iiifed   or  lofing  its  form;  it  is  a  fcintillation 

.which  traverfes  the  whole  furfaee  of  the  fait ; 

and  when  it  is  finifhed,  we  find  upon  the  coal 

-a  layer  of  very  white  dull  filver,  which  adheres 

-to  this  body  and  aflumes  the  bright  polifli  or 

.bumifli  peculiar  to  this  metal  when  it  is  rubbed 

with  a  hard  body,  or  even  when  we  pafs  the  nail 

over  it.     The  folid  layer  of  charcoal  to  which 

it  adheres,  becomes  intirely  and  richly  filvered 

''-    by  this  fimple  procefs.     Boerhaave  called  this 

•    Teduftion  of  nitrate  of  filver  upon  the  ignited 

^     charcoal,  ardent  Jilver, 

'•         Vol.  VL  G  g  50.  The 
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30.  The  nitrate  of  filver,  which  is  pretty  fo- 
luble  in  water,   is  reducible  by  hidrogen  gas, 
and  even   by  phofphorus   in  the  liquid  form. 
Thus  in  the  experiments  of  Mrs.  Fulhame,  by 
expofing  pieces  of  filk  and  paper,  covered  with 
nitric  folution  of  filver,  te  the  contact  of  hidro- 
gen gas,  a  redu6lion  of  the  metal  took  places 
and  the  parts  of  thefe  fubftances  that  were  im- 
pregnated with  the  folution,  became  filvercA 
We  here  fee  the  effeO;  of  the  much  ftrongcr  at- 
tra6lion  of  the  hidrogen  for  oxigen,  than  that 
which  filver  lias  for  this  principle.     Mdre  than 
fifiteen    years  before  the   experimente  of  this 
Englifli  lady,  the  French  chemifts.    Sage  and 
Bullion,  had  difcovered  that  when  phofphorus 
was  imraerfed  in  a  folution  of  nitrate  of  filver, 
it  gradually  reduces  the  metal,  and  precipitates 
it  upon  the  cylinder  of  phofphorus,  forming 
a  brilliant  metallic    tube,   which   intirely  co- 
vers and  envelopes  it.     This  tube  'of  fi^lver  majf 
be  feparated  froni  the  phofphorus  by  plung- 
ing it   into  boiling    water,    which  melts  the 
phofphorus;  and  it  has  all  the  du6Hlity,  folidi* 
ty,  and  tenacity  of  pure  filver.     There  is  there- 
fore nothing  new  in  the  experiments  of  Mn» 
Fulham,  except  the  mere  manner  and  the  vari- 
ety of  the  proceffes  which  fhe  has  put  in  prac- 
tice, in  order  to  prefent  different  combuftibl^fnk- 
ftances  in  a  divided  flate  to  the  metallic  folutioofc 
I  ihall  return  again  to  this  fubje6l  in  fpeaking^ 
gold.     Charcoal  does  not  reduce  the  nitric  .fo- 

ludoB 
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lution  of  filver  in    the  fame  manner  in  the 

cold.     It  is  probable  that  this  reduction  will 

hereafter  be  obtained    by  carboTjgted    hidro- 

gen  gas.      Sulphur  does  not  effeft  it  except 

when4;his  folution  is  expofed  to  its  vapour  when 

it  is  burning,  or   efpecially   to  the  conta6l  of 

fulphurated  hidro^en  gas*     In   the  latter  cafe, 

i   tlwre  iJJ  produced,  in  the  one  inftance,  a  black 

'    a»d    pulverulent  fulphuret   of  filver;   in  the 

^  other,  a  brilliant  and  n>etallic  pellicle  of  filver. 

\The  fame  effe<5l  is  produced   by  water  whicH 

contain^    fulphurated    hidrogen    in    folution, 

and  by  the  contaft  of  phofphorated  hidrogen^^ 

gas, 

51  •  Several  acids  a6t  in  a  very  ftriking  man- 
ner upon  the  folution  of  nitrate  of  filver ;  the 
fulphuric  acid  decompofes  it,  and  precipitates 
from  itfulphate  of  filver  in  a  heavy  and  divided 
white  powder.    The  fulphureous  acid  alfo  forms 
ip  it  aprecipitate  of  f^lphite  which  is  blackened 
in  the  light.     The  muriatic  acid,  when  poured 
.  i|ito  this  folution,  produces  a  white  precipitate 
fiH   abundant  and  fo    little  foluble,  that  it  is 
""  l|>eedily  depofited  in  heavy  and  thick  flakesi, 
which  have  long  fince  been  compared  to  curd 
or  the  coagulum  ofcheefe.;  this  is  the  muriate  of 
-.^  filver  of  which  I  Ihall  fpeak  hereafter.     The 
\  dxigenated*- muriatic  acid  likewife  precipitates 
^:  the  folution  of  nitrate  of  filver.    The  phofphorio 
^ 'scid  alfo  forms  in  it   a  phofphate  of  filver, 
^   white  and  infoluble;  the  fluoric  acid  produce! 
fi  fiimilar  elfe^ 
;.        .  G  g  a  ^8.  A 
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hands  of  a  young  maii  who  rabbed  its  infidc 
with  his  finger  in  order  to  clean  it,  and  with 
the  intention  of  making  another  experiment 
In  this  efFea  we  perceive  the  great  tendency 
which  the  oxide  of  filver  has  to  decompofe  the 
ammonia,  the  rapidity  and  the  violence  with 
which  this  decompofition  takes  place,  and  the 
finall  force*  or  the  flight  change  of  equilibrium 
required  for  efFefting  this  decompofition,  fince 
the  flighteft  friftion  is  fufficient  to  caufe  it  to 
fulminate.  In  the  diflblved  part  the  oxide  of 
filver  appears  to  be  at  fii-ft  too  much  oxigenated 
to  produc(5  the  fulmination  ;  but  the  a&ion  of 
the  fire  in  the  evaporation  produces  the  difoxida- 
tion  announced  by  the  difengagement  of  azotic 
gas,  and  forms  the  fulminating  oxide  of  filver 
which  cry ftallizes,  becaufe  infoluble  in  theAvater. 
The  brilliant  pellicle  which  covers  the  firft  am^ 
tnoniacal  folution,  is  owing  to  a  portion  of 
filver  from  which  the  air  carries  off  the  ammo- 
nia:  it  is  neceffary  to  diffolveit  by  ammonia,  be* 
caufe  its  interpofition  greatly  diminifhes  the  ful» 
;minating  property.  The  carbonate  of  ammonia 
diflblves  the  oxide  of  filver  precipitated  by  lime 
with  eflfervefcence  and  difengagement  of  car* 
bouic  acid ;  but  there  remains  enough  of  tbii 
acid  to  form  a  triple  fait  which  leaves  a  yellow 
powder  not  fulminant  by  deficcatioii.  Aini«- 
ture  of  copper,  <w  the  abforption  of  the  carbooic 
acid  by  the  oxide  of  filver  precipitated  by  roeiud 
of  lime  and  left  for  too  great  length  of  time  in 

the  air,  or  ammonia  containing  a  little  of  ^ 

t._ 
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acid,  either  diminiih  or  deftroy  this  fulminat- 
ing property  of  the  precipitate :  fo  that  we  may 
fail  in  this  preparation,  either  becaufe  we  have 
taken  filver  alloyed  with  copper,  or  becaufe  we 

.  have  not  fufficiently  feparated  the  nitrate  of 
lime  which  impregnates  the  firft  precipitate,  or 
becaufe  we  have  ufed  ammonia  that  contained 
carbonic  acid,  or  laftly,  becaufe  we  have  fuf- 
fered  the  precipitate  to  abforb  this  acid  from  the 
atmofphere:  fuch  are  the  reafons  why  this  deli- 
cate operation  is  feldom  performed  with  fuccefs. 
I  ^recollefl;  upon  this  occaiion,  that  having 
obferved  in  1 780,  the  non-precipitation  of  the 
nitrate  of  filver  by  ammonia,  and  intending  to 
examine  its  caufe,  I  colle^ed  from  that  time, 
^very  year,  the  mixtures  of  nitrate  of  filver 
and  ammonia,  and  purpofed  to  ftudy  their  pro- 
perties, when  Citizen  BerthoUet  publiihed  his 
difcovery  at  the  end  of  the  year  1787.  It  had 
^belonged  to  my  plan  to  evaporate  this  liquor : 
'and  I  fhould  infallibly  have  obtained  a  very 

.  violent  and  a  very  dangerous  fulmination,  if 
the  experiments  of  Citizen  BerthoUet  had  not 
apprifed  me  of  the  innninent  danger  which  I  was 
preparing  for  myfeif  without  being  aware  of  it. 
To  judge  from  the  violent  effe^  of  the  fmall 

,  ^quantity  which  I  have  heard,  and  even  feen 
detonate,  the  large  mafs  of  fulminating  filver 

.  which  I  had  prepared  and  collected  from  year 
to  year,  would  have  occafioned  a  terrible  de- 
tonation ivhich  might  have  been  accompanied 
with  great  danger.     This  oxide  muft  not  be 

con* 
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confounded  on  account  of  its  fulminating  pro- 
perty, with  other  precipitates  of  filver  equally 
fulminating,  but  which  have  no  relation  with 
it.  The  detonation  by  frifition  proceeds  from 
the  fame  caufe  as  that  which  produces  a  very 
violent  inflammation  and  oxidation  in  the  per- 
cuffion  of  fuper-oxigenated  muriate  of  pot-afh 
with  combuftible  matters  upon  a  hard  body. 
We  recognize  in  it  a  fudden  approximation  of 
the  particles  which,  at  a  fmall  diftance,  re- 
act upon  each  other.  The  precipitates  of  DJ- 
trate  of  filver,  by  the  fixed  alkalis,  when  treated 
with  ammonia,  furnifli  precipitates  having  but 
little  detonating  power  in  comparifon  with  that 
which  Ume- water  affords. 

54.  Many  fairs  poffefs  the  property  of  aftipg 
upon  the  nitrate  of  filver,  All  the  fulphates 
render  its  folutions  turbid,  and  precipitate  ful- 
phate  of  filver  in  powder  ;  thefulphites  produce 
upon  it  a  fimilar  pffe^ :  the  niuriates  not  only 
form  in  it  a  ^epofit,  heavy  and  thjck  likfg  a  curd, 
but  are  in  every  cafp  diftingjuiihable  by  the 
afpeft  prefenled  by  their  folutions  with  the 
nitrate  of  filver.  The  foluble  phpfphate,  the 
fluates  and  tjie  borates  pppfipprt  themfelves 
nearly  in  the  fame  juannen  The  carbonates,  as 
I  have  already  announced,  ftparate  from  it  a 
white  and  infoluble  carbonate  of  filver. 

55.  Moft  of  the  metallic  fubftances  having 
more  attraction  for  o^cigen  than  filver  h^,  pre- 
cipitate it  from   its  nitric  folution  feme  fcfi 
oxidated  than  it  was  before,  others  entirely  de- 
prived 
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prived  of  oxigen,  and  in  its  brilliant  and  metal- 
lic form,     Amongft  thefe  precipitations  there 
are  efpecially  two  which  deferve  the  moft  ferious 
attention  of  chemifts ;  the  one,  becaufe  it  pre- 
fents  a  very  interefting  phenomenon ;  the  other, 
becaufe  it  is  praftifed  upon  a  large  fcale  in  fome 
arts  in"  which  it  is  employed  with  great  advan- 
tage.    The  fir  ft  gives  rife  to  what  is  called  the 
Tree  of  Diana ;  this  is  a  feparation  of  the  filver 
in   the    ftate  of  amalgam,    and  in   a  needled 
cryftalline  form,  which  refembles  the  figure  of 
^  flirub.     Lemery  direded,  in  order  to  obtain  it> 
to  diffolve  one  part  of  filver  in  moderately  ftrong 
jiitric  acid,  to  dilute  the  folution  with  twenty 
part§  of  diftilled  water,  and  to  add  to  it:  two 
parts  of  running  mercury.     It  required  about 
forty  jclays  to  obtain  a  very  fine  metallic  vegeta- 
tion,    liornberg  afterwards  defcribed  a  procefs 
:Which  is  iliorter,  aud  which  fucceeds  well :  it 
confifts   in  making   an  amalgam  in  the  cold, 
with  four  part^  of  filver  in  leaves,  and  two 
parts  qf  mercury,  diiTolving  this  amalgam  in  a 
fufficient  quantity  of  nitric  acid,  and  diluting 
the  folution  with  watejc  to  the  amount  of  thirty- 
two  tijnes  the  weight  of  the  metals.     A  fmall 
ball  of  foft  aipalgajcri  of  filver  is  put  into  this 
liquor,  and  the  tree  of  Diana  is  immediately 
formed.     This  precipitation  is  alfo  very  quickly 
effefled  by  putting  a  foft  amalgam  of  filver  into 
a  mixture  of  fix  parts  of  nitric  folutipn  of  filver, 
and  four  parts  of  nitric  folution  of  mejrcury.  lu 
thefe  two  latter  proceffes,  one  part  of  the  mer- 
l?ury  of  the  amalgam,  being  attrafl:ed  by  that  of 

the 
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the  folution,  takes  the  oxigen^Toin  the  'filrer, 
and  precipitates  it  in  the  (late  of  metal ;  and  the 
precipitation  of  the  latter  is  alfo  favoured  by 
the  attraction  exerted  upon  it  by  the  undif- 
folved  portion  of  mercury,  as  well  as  by  the  poN 
tion  of  filvcr  of  the  amalgam •  All  thefe  attract 
tions  which  a6b  fimultaneoufly,  quickly  efFeS 
the  feparation  of  the  filver,  which  is  depofitcd 
as  it  becomes  amalgamated ;  and  this  amalgam 
is  depofited  in  aculeated  prifms,  which  arrange 
themfelves  ona  upon  the  other  in  the  form  of 
ranlifications.  In  order  to  render  it  the  more 
beautiful,  a  conical  veffel  is  chofen,  and  care 
is  taken  to  prevent  any  fliock  which  would 
oppofe  the  fymmetrical  and  regular  arrangement 
pF  the  amalgam,  and  prevent  the  formation  of 
the  tree, 

56,  The  precipitation  of  metallic  filver  by 
copper  is  of  a  very  different  importance  from 
the  preceding ;  it  is  one  of  thofe  that  are  prac- 
tifed  mod  frequently  in  mints,  and  the  work* 
ihops  of  iilverfmiths.  At  the  pnioment  when 
we  plunge  clean  and  well-brightened  copper  into 
the  nitric  folution  of  filver,  the  plate  becomes 
browni^,  covered  with  fmall  metallic  cryftaH 
of  a  dull  white  colour,  which  foon  increafe; 
arrange  themfelves  about  the  plate,  and  envelop 
it  like  an  efflorefcence,  which  adheres  neither  to 
the  copper  nor  to  each  other ;  they  are  detached  by 
the  flightefi  concuffion,  and  efpecially  by  gently 
lifting  out  the  plate  of  copper  charged  with  this 
filver^  wjiich  contra6ts  and  feems  to  be  cos* 

•  '  .    deflW 
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denfcd,  wlien  it  is  taken  out  of  the  folution, 
and  agitated  in  pure  water.  It  is  in  this 
manner  that  they  feparate  in  the  mints 
the  lilver  diflfolved  by  the  operation  of  partr 
ing;  plates  of  copper  are  dipped  in  the  folu- 
tion,  or  this  laft  is  put  into  a  veffei  of  cop* 
per ;  the  filver  feparates  into  flakes  of  a  whitiih^ 
gTey  colour  ;  the  liquor  is  decanted  when  it  hai 
become  blue,  and  yields  no  more  filver:  the 
latter  is  waihed  with  feveral  waters,  then  flightly 
ignited  in  a  -crucible,  iand  fold  under  the  impro- 
per name  of  jil^oer  in  caLv^  becaufe  it  is  in 
white  and  dull  grains;  it  contains  a  little  cop- 
per. It  is  alfo  fufed  in  crucibles. ;  it  is  paifed 
with  lead  into  the  cupel,  in  order  to  feparate 
from  it  the  portion  of  copper  which  it  contains ; 
and  then  becomes  the  pureft  filver  of  commerce^ 
and  it  is  CdXltdJineJiher^  or  fi  I  ver  of  twelve  deniers. 
Sometimes  the  fame  precipitation  of  filver  is 
employed  for  applying  this  metal  upon  copper 
in  a  kind  of  filvering;' but  it  contracts  too 
little  adhefiofi  for  this  kind  of  filvering  to  be 
durable,  on^which  account' the  application  of 
tlie  filver  to  the  copper  with  the  amalgam  is 
preferred  :  this  is  what  is  called  water-gilding 
in  the  art  of  the  gilder  and  filverer. 

57-  The  muriatic  acid,  in  whatever  fi:ate  of 
concentration  it  may  be,  gafeous,  vaporous  or 
liquid,  does  not  a'61  upon  filver,  and  never 
effects  its  oxidation.  This  effeft  has  been  erro- 
ncoufly  believed  to  be  produced  in  what  has  been 
termed  the  dry  parting;  it  is  not.  merely  mu- 
riatic acid  that  }S  difengaged  in  this  operation, 

but 


460  SILVER. 

but  real  oxigenated  muriatic  acid.     By  cement- 
ing plates  of  gold,  alloyed  with  filver,    with  a 
mixture  of  fulphate  of  iron  and  muriate  of  foda 
iaa  crucible,  the  fulphuric  acid,  difengaged  from 
the  fulphate  of  iron,  by  the  a6iion  of  the  fire,  feizes 
upon  the  oxide  of  iron,  takes  from  it  a  portion  of 
its  oxigen,  and  afterwards  a6ls  upon  the  filver, 
to  which  it  yields  this  principle;  fo  that  after 
having  oxidated  it,  the  other  acid  unites  with  it 
as  the  ordinary  muriatic  acid  does  with  the  oxide 
of  this  metal     Though  the  muriatic  acid  can- 
not a6l  upon  metallic  filver,  at  leaft  unlefs  it  be 
oxigenated,  becaufe  it  has  more  attra6);ion  for 
the  oxide  of  filver  than  moft  of  the  other  acids 
have,  and    efpecially   than   the  fulphuric  and 
nitric,  yet  as  foon  as  it  is  placed  in  conta^i;  with 
thefe  folutions  of  filver,  it  decompofes  them ;  it 
takes  from  them  the  oxide  of  filver,  and  forma 
with  it  an  infoluble  white  fait,  which  is  prcci- 
tatcd  in  a  kind  of  curd,  as  I  have   announced 
upon  a  former  occafion.     I  have  likewife  fhown 
that  the  muriates  a6l  in  the  fame  manner  as  the 
muriatic  acid  alone,  and  that  they  form,  in  tbe 
nitric  and  fulphuric  folutions  of  filver,  a  precf- 
pitatefimilar  to   that  which  is  formed  by  the 
pure  acid.     It  is  even  on  account  of  this  eafy 
^nd  quick  precipitation,    that  the  nitrate  of 
filver  is  a  very  fenfi^le  re-agent  fpr  indicating 
end  afcertaiping  in  the  inineral  waters,  and  in 
all  liquids,  the  prefepceand  the  quantity  of  the 
muriates,  or  of  the  muriatic  p,cid  dififalved  in 
them.     Bergman  has  ^u>wn,  that  the  Swediih 
kanne,  or  two  quarts  and  three  quarters  of  water, 

holding 


SILVER.  461 

holding  a  iingle  grain  of  muriate  of  foda  in  fo-* 
lution,  exhibited  very  fenfible  ftreaks  upon  the 
firft  drops  of  nitrate  of  filver  that  were  poured 
into  it:  thus  this   metallic  fait  indicates  the 

4 

prefence  of  ^bout  ^  ^  J^  q  ^  of  muriatic  acid  con- 
tained in  liquids  ;  there  is  hardly  an  inftance  of 
an  equal  fenfibility  among  the  re-agents. 

58.  The  muriate  of  filver,  produced  by  the 
decompofition  of  the  nitrate  by  the  muriatic 
acid,  or  the  diiferent  muriates,  is  in  the  ftate  of 
a  powder  or  a  thick  white  magma ;  in  the  light 
it  becomes  brown,  dark  violet,  and  black ;  it  is 
one  of  the  compounds  that  are  changed  the 
xnoft  rapidly  by  the  contaft  of  the  folar  rays. 
However,  this  change  takes  place  only  at  the 
furface,  and  the  interior  part  remains  white ;  it 
is  alfo  one  of  the  moft  fufible  falts  that  are 
known.     When  gently  heated  in  a  matrafs,  or 
a  fmall  phial,  it  melts  like  fat,  and  afterwards 
becomes  fixed,  by  cooling,  into  a  femi-tranf- 
parent  grey  fubftance,  confiderably  refemibling 
fome  kinds  of  horn,  on  which  account  it  was 
formerly  termed,  in  this  ftate,  lu7ia  cormia.    If 
it  be  poured  upon  a  ftone,  it  fixes  into  a  friable 
matter,  cryftallized  in  fine  brilliant,  and  as  it 
were    metallic    needles ;    when   heated    more 
ftrongly   in  a  crucible,  it  becomes  extremely 
fluid,    and  filtrates    as   if  through    a    net   or 
canvafs,  and  is  loft  in  the  fire.     In  this  cafe 
a  fmall  quantity  of  filver  is  always   reduced 
'  and    diffeminated   in   globules,    in    the    por- 
tion of  fixfed  muriate,   which  ftill  remains ;    it 

is 
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is  not  foluble,  unleft  in  more  tban  a  thoufand 
times  its  weight  of  boiling  water.     Monnet  has 
affirmed,  that  a  pound  of  water  could  take  up  by 
ebullition  only  three  or  four'grains  of  it.     The 
alkaline   carbonates   decomppfe  this  fait,  and 
precipitate  in  oxide  of  filver  from. its  folution; 
but  this  aftion  is  fo  feeble  that  the  precipitati(Mi 
is  very  little  obfervable,  and  the  prpcefs  can  ferve 
for   no  ufe.     It  is^  however,  of  very  effential 
confequence  for  all  the  arts  in  which  filver  is 
operated  upon,  to  have  a  fure  means  f&c  extrafi-' 
ing  this  metal  from  its  muriate,  as  it  is  fre- 
quently obtained  under  the  fora^  of  this  fait, 
on  account  of  the  different  operations  to  which 
it  is  fubjected.     Befides,   in   chemiftry,  filver 
extrafted  from  the  muriate  is  always  employed  as 
the  pureft  that  can   be  obtained  :  it  w:as  for- 
merly called  Jihoer  revived,  from  luna  cornea; 
and  accordingly  the  chemifts  have  fought  the 
means  of  reducing  the  muriate  of  filver.     The 
procefs  mod  generally  employed,   and  which 
has  become,  on    account  of  its   facility  and 
fuccefe,  the   familiar  procefs   in  the  refining: 
workfliops,  confifis  in  mixing  four  parts  of  pot- 
afli  of  commerce,  or  rather  of  carbonate  of  pot-' 
afli,  with  one  part  of  muriate  of  filver ;  placing 
the  mixture,  and  rapidly  fufing  it  in  a  good  cru- 
cible ;  when  it  is  in  complete  fufion,  the  cruci^ 
ble  is  taken  from  the  fire,  and  fuflfered  to  cool 
flowly  ;  then  broken,  and  the  filver  is  found  in 
a  biiitton  under  thefufed  muriate  of  pot-afli  and 
alkali  which  cover  it.     When  the  fufion.  is  per^ 

formed 
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formed  with  rapidity,  the  whole  of  the  muriate 
of  filver  is  well  decompofed  ;  none  of  it  is  loft 
through  the  fides  of  the  crucible,  and  the  filver 
is  very  pure  at  the  bottom  of  the  veflel.  It  is 
neceffary  to  take  care  of  the  fwelling  produced 
by  the  difengagement  of  the  carbonic  gas,  ef- 
fected by  the  taiuriatic  acid.  The  crucible  ought 
to  be  fufficiently  large  to  guard  againft  the  run-, 
ning  over  of  any  part  of  the  matter.  Berg- 
man eftimates  the  muriate  of  filver  to  contain 
0,75  of  oxide  of  filver,  and  0,25  of  muriatic 
acid. 

69'  It  had  been  believed,  and  in  fa6i;  it  was 
natural  to  believe,  according  to  the  order 
of  the  attraftions  the  moft  generally  known  be- 
tween the  acids  and  the  metallic  oxides,  that 
pure  pot-afli  and  foda  decompole  the  muriate 
of  fiilver :  but  Citizen  Va»uquelin  has  found  in 
this  fait  a  very  remarkable  exception,  which 
appears  alfo  to  take  place  to  a  certain  degree 
with  the  oxides  of  mercury  and  of  lead. 
Having  heated  muriate  of  filver  with  a  cauftic 
ley  of  foda,  and  having  perceived  that  this  al- 
kali had  not  taken  up  a  fingle  atom  of  muriatic 
acid,  he  threw  oxide  of  filver  recently  preci- 
pitated from  the  nitrate  of  this  metal  into  a 
folution  of  muriate  of  foda ;  this  precipitate, 
wl^ilfi:  ftill  wet,  fuddenly  lofl:  its  brown  colour, 
became  white,  and  colle6led  into  thick  flakes, 
or.  a  curdled  magma;  the  faline  tafte  of  the 
folution  was  changed  into  an  acrid,  alkaline, 
and  cauftic  tafte.   The  fupernatant  liquor  being 

evaporated 
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evaporated,  after  the  fcparation  of  the  precipi- 
tate, which  was  real  muriate  of  filver,  yielded 
cryftals  of  carbonate  of  foda  without  admix* 
ture  of  marine  fait.     It  refults  from  this  expe- 
riment, not  only  that  the  muriatic  acid  has 
more  attradion  for  the  oxide  of  filver  than  for 
foda,  but  alfo  that  this  oxide  has  'the  greatefi 
poflible  attraflion  for  the  muriatic  acid,  fince 
the  oxides  of  all  the  other  metals  are  feparated 
and  precipitated  from  them  by  the  alkalis.  The 
fame  chemift  has  found  that  it  was  neceffary  to 
employ  much  oxide  of  filver  in  order  to  de- 
compofe  the  muriate  of  foda. 

60.  The  muriate  of  filver  is  very  foluble  in 
cauftic  and  liquid  ammonia.  This  folution, 
which  is  very  clear  and  colourlefs,  experiences 
a  remarkable  change  when  it  is  left  ex- 
pofed  to  the  air.  In  proportion  as  the  ammo- 
nia exhales  from  it  into  the  atmofphere,  there 
is  formed  at  its  furfacc  a  pellicle  which  afiumes 
a  very  brilliant blueifli  or  rain-bow  colour:  this 
pellicle,  which  augments  gradually  in  thickneis, 
becomes  darker  at  the  fame  time,  and  at  laft 
acquires  a  dirty  grey  and  black iih  colour  by 
the  conta6l  of  the  light.  The  matter  which  is 
thus  feparated  at  the  furface  of  the  liquor, 
is  eafily  recognized  to  be  real  muriate  of  filver, 
containing  a  little  reduced  metal.  Ammonia, 
is  confl;antly  found  to  produce  the  fame  efteA  of 
folution  and  reduftion,  more  or  lefs  complete 
upon  all  the  falts  and  precipitates  of  filver,  as  I 

have 
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liave  already  indicated  in  the  hiftory  of  the  ni- 
trate of  this  metal. 

61.  Margraff,  towards  the  middle  of  the  eigh- 
teenth cetitufy  gave  a  particular  procefs  for  de- 
compofing  the  muriate  of  filver  in  the  humid 
way  I  it  is  founded  upon  an  exa^  knowledge 

-ana  application  of  the  double  eleftive  attrac- 
tions ;-  but  it  is  too  expenfive  and  troublefome 
to  be  employed  even  in  the  large  Avay.  He  ad- 
vifes  to  treat  in  a  mortar  of  marble  or  glafs, 
one  part  of  muriate  of  filver  with  three  parts  of 
Concrete  volatile  alkali,  or  carbonate  of  ammo- 
nia: to  this  mixture  was  added  a  fufficient 
quantity  of  water  to  form  it  into  a  pafte ;  it  was 
ftirred  till  the  effervefcence  and  fwelling  pro- 
duced by  the  difengagement  of  the  carbonic 
acid  had  fubfided ;  fix  parts  of  running  mer- 
cury was  poured  into  it,  and  it  was  triturated 
till  a  fine  amalgam  of  filver  was  produced  ;  this 
was  waflied  and  continually  triturated  till  the 
water  paffed  off  clear,  and  the  amalgam  became 
very  brilliant  at  the  bottom  of  the  mortar.  It 
was  then  requifite  to  dry  this  amalgam,  and 
diftil  it  in  a  retort  of  ftone-ware,  till  the  vef- 
iel  was  heated  to  ignition :  the  mercury  paffed 
into  the  receiver,  and  the  filver  remained  pure 
and  nearly  without  diminution,  at  the1:)ottom  of 
the  retort.  In  this  operation,  the  water  carried 
off  muriate  of  ammonia  in  folution,  and  a  white 
powder,  which  was  nothing  more   than  mild 

.  muriate  of  mercury,  carrying  with  it  a  little 
filver  in  a  dull  powder :  by  fubliming  this  mu- 

.      Vol.  VI.  H  h  ^         riate 
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f  iate  of  mercury  its  nature  was  afccrtamcd.  It 
is  evident  that,  in  this  procefs,  whilft  the  am- 
mania  combines  with  the  muriatic  acid,  the 
mercury  takes  from  the  highly-divided-  oxide 
of  filver  its  oxigen,  and  reduces  it  to  the  me- 
lallrc  ftate,  precifely  in  the  fame  manner  as 
in  the  preparation  of  the  Tree  of  Diana ;  that 
this  filver  is  ftrongly  attradcd  by  the  portion  of 
mercury  which  is  fuperabundant  to  its  difoxi- 
dation.  I  have  here  quoted  and  defcribed  this 
procefs  only  in  order  to  prove  that  the  muriate 
of  filver,  like  the  nitrate  of  this  metal,  is  fuf- 
ceptible  of  being  decompofed  and  reduced  ifi 
the  cold  by  mercury. 

62.  Many  other  metals,  efpecially  bifmutb, 
antimony,    zinc,    tin,    lead,  iron,   and  copper, 
are  alfo  capable,  and  by  the  fame  principle,  of 
decompofing  the  muriate  of  filver.     Their  ufe 
in  chemiftry  has  fometimes  been  recommended  j 
for  obtaining  the  filver  from  this  fait.     It  is  ^ 
direded  in  books  to  fufe  one  part  of  muriate  of 
filver  with  three  parts  of  thefe  metab;  after 
the  fufidti,  the  filver  is  found  melted  into  a  but- 
ton at  the  bottom  of  the  crucible,  atid  the  ln^ 
tal  employed  remains  at  the  furface  united  wiA 
the  muriatic  acid.     But  as  more  of  thefe  metab 
is  taken  than  is  required  for  faturating  the  ma- 
riatic  acid,    a  part  combines  with   the   filvcf, 
Which  is  thus  obtained  only   alloyed,  and  re- 
quires to  be  refined  by  means  of  lead  and  the 
cupel,  fo  that  it  is  not  more  pure  after  this  op^ 
ration  than  by  the  ordinary  proceffes* 

S  63.  The 


SILVER*  A67 

63.  The  phofphoric  acid  unites  with  oxided 
filver,  and  precipitates  it  from  its  nitric  folu- 
tion.  The  precipitate  /thus  obtained  is  white, 
heavy,  and  thick ;  it  is  fufed  by  a  ftl^ong  fire 
into  a  kind  orf  greeniili  or  olive-coloured  ena- 

'  mel,  accordingly  as  it  has  been  more  or  lefs 
heated.     This  phofphate  of  filver  is  not  foluble 
hi  water,  but  it  is  in  an  excefs  of  phofphoric 
acid.     When  treated  in  a  crucible  with  char- 
coal, it  affords  a  little  phofphorus,  and  a  great 
part  of  it  is  reduced  into  phofphuret  of  filver, 
which  contains  from  0,15  to  0,20  of  phofpho- 
rus.    However  little  the  phofphoric  acid,  ex- 
tfa6led   from  bones  in    the  ordinary  manner, 
contains  of  fulphuric  acid,  which  happens  al- 
moft  always,  I  have  perceived  that  by  evapo- 
rating it  in  veffels  of  filver,  they  were  corroded 
jtfli4  penetrated  when  the  liquor  was  well  con* 
ippntrated ;  the  oxide  of  filver  formed  by  the 
rifulphuric  acid,  is  taken  up  by  the  phofphoric 
^  acid ;  fo  that  by  fufing  this  lafl;  in  a  crucible,  we 
obtain,  inftead  of  a  tranfparent  glafs,  agreenifli- 
grey  enamel,  part  of  which  is  phofphuret  of 
.^Iver. 

64.  The  fluoric  acid  does  not  appear  to  attack 
.n^tallic  filver;  it  unites  well  with  its  oxide, 

aind  forms  with  it  an  infoluble  fait;,  which  the 

^;^er  acids  decompofe,  and  from  which  they 

"nexpel  the  -fluoric  acid.     The  other  properties 

Jrf  this  fait  have  not  been  examined  ;  it  ha^ 

&een  erroneouily  confounded  with  the  muriate 

filver,    and  thi^  has  caufed  it  tp  be   be^* 

H  h  2  lieved. 
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lievedj  from  the  fluoric  acid  precipitating  tlie 
nitrate  of  filver  in  a  white  and  heavy  powder, 
that  this  acid  was  the  fame  as  the  muriatic. 

65 •  The  boracic  acid  does  not  a6l  at  all  upon 
filver.  It  is  combined  with  the  oxide  of  this 
metal  by  pouring  upon  its  nitric  folution  a  fo- 
lution  of  any  faluble  borate.  The  borate  of 
filver  is  precipitated  in  a  white,  very  heavy,  and 
infoluble  powder.  The  properties  of  this  fait 
have  not  yet  been  examined. 

66.  The  carbonic  acid  has  no  a6lion  upon 
filver,  but  it  unites  eafily  with  its  oxide.  This 
even  when  it  is  moift,  abforbs  carbonic  acid 
from  the  atmofphere,  and  it  is  frequently  in 
confequence  of  this  abforption  that  w-e  fail  in 
the  preparation  of  the  fulminating  ammoniacal 
oxide  of  filver,  as  I  have  alreadj"  indicated. 
When  the  fulphate  or  the  nitrate  of  filver  is 
precipitated  by  the  alkaline  carbonates,  we  ob*  j 
taincarbonateof  filver  in  infoluble  whites  powder. 
This  fait,  which  is  rendered  black  by  the  con* 
ta6l  of  light,  eafily  yields  its  carbonic  acid 
by  the  aftion  of  fire  ;  and  after  having  given 
out  pure  oxigen  gas,  which  hardly  amounts  to 
iiiore  than  0,11  or  0,12,  to  100  parts  of  the 
moft  complete  oxide  of  filver,  it  paffes  into  tbe 
ftate  of  du6lile  filver. 

67.  Scheele  has  defcribed  the  manner  k  I  d 
which  the  arfenic  acid  a6ls  along  with  filvfff  r 
by  digefl:ion,  that  is  to  fay,  by  heating  tte  1 1 
acid,  diffolved  in  water,  upon  filver,  thelaMfff  fi 
is  not  attacked  by  it;  but  when  the  water irj 

evaporated 
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evaporated,  and  the  adion  af  the  fire  is  con- 
tinued till  the  acid  is  vitrified,  arfenious  acid 
is   fublimed,    and   there    remains  a  white   vi- 
treous  mafs  which    contains   oxidated  filver, 
and  is  covered  with  a  glafs  of  a  deep  yellow 
colour.    By  heating  water  upon  thefe  two  kinds 
of  glafs  pulverized,  they  becoriie  of  a  brown-red 
colour;  thearfenic  acid  being  diffolved,  carries 
away  a  fmall  quantity  of  oxide  of  filver  which 
the  muriatic  acid  fliows  in  it,  and  precipitates 
from  it.     The  brown  powder,  which  does  not 
diffolve, .  is  fufed  by  a  fl:rong  fire,  and  affumes  a 
--  femi-tranfparency ;  by  continuing  the  fire  in  a 
crucible,  the  filver  contained  in  it  is  reduced. 
The  nitrate  of  filver  is  precipitated  in  a  brown 
.ilate  by  the  arfenic  acid,  as  well  as  by  the  arfe- 
niates.     The    muriatic    acid   decompofes    this 
.  .precipitate,  and  takes  from  it  the  filver,  which 
'  4t  feparates  from  the  arfenic  acid.     Ammonia 
'    alfo  diffolves  this  arfeniate  of  filver:  it  is  on 
.  account  of  the  red  colour  of  the  arfeniate  of 
r 4 filver  thus  obtained  by  precipitation,  that  che- 
'    mifi;s  have  imagined  they  had  the  red  filver  ore, 
^:  whereas  that,  as  I  have  already  Ihown,  is  a  ful- 
*  ,phurated   oxide   of    filver  and   of   antimony. 
^..Scheele  has  alfo  found  that  the  liquid  arfenic 
r  acid,  mixed  with  muriatic  acid,  and  digefted 
^^^upon  filver  in  fine  filings,  oxidated  it,  and  fa- 
:-■.  voured  its  combination  into  muriate  of  filver. 
jfsa/yhe  arfenic  acid  at  the  fame  time  aflTumes  the 
:^ftate  of  arfenious  acid. 
is:  '      68.The 
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68,  The  tungftic  acid  does  not  appear  to 
have  any  aftion  upon  filver ;  but  it  carries  off 
its  oxide  from  the  nitrate  of  this  metal  which 
it  precipitates  in  a  white  powder.  The  proper- 
ties of  this  tungfiate  of  filver  have  not  yet  been 
examined  ;  the  fame  is  the  cafe  with  the  piolyb- 
dic  acid.  Its  union  with  filver  is  not  yet 
known  ;  it  appears  to  precipitate  the  nitrate  d 
filver,  as  the  tungftic  acid  does,  and  to  form 
with  the  oxide  of  this  metal  a  white,  pulve^ 
rulent,  infoluble  fait.  . 

69.  The  chrpmic  acid,  united  with  the  oxide 
of  filver,  forms  a  very  remarkable  combination, 
When  chromate  of  pot-afli  is  poured  into  tlie 
nitric  folution  of  filver,  there  is  produced  a 
pulverulent  precipitate  of  the  moll  beautifiil 
carmine  red,  which  becomes  purple  by  being 
expofed  to  the  light.  The  chromate  of  filver, 
heated  by  the  blow-^pipe,  is  fufed  before  the 
coal,  which  fupports  it,  inflames  ;  it  affumes 
a  blackifli  and  metallic'  afpefil.  When  pul-- 
verized  in  this  ftate,  it  is  ftill  purple ;  but  as 
foon  as  it  is  heated  with  the  blue  flatneof  tBe 
candle  direded  by  the  blow-pjpe,  the  fait  affumes 
a  green  colour,  and  the  filver  feparates  frona  it 
into  globules  difleminated  in  the  mafsf  The 
chromic  acid,  decompofed  by  the  hidrogen  of 
the  blue  flame,  pafles  again  into  the  ftate  of 
green  oxide,  and  the  oxide  of  filver  is  reduced. 
It  may  be  forefeen  that  the  purple  chromate  of 
filver  may  at  fome  future  time  be  difcovemi 
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amongft  the  ores  of  this  metal     It  exifts  in 
nature. 


I.  ^ASion  on  the  Bafts  and  on  the  Salts. 

70.  Silver  forms  ho  combination  with  the 
earths.  When  it  is  in  the  ftate  of  oxide  it 
is  capable  of  uniting  by  vitrification  with  fome 
of  them,  and  colouring  the  glaffes  or  the  ena- 
mels with  yellpwifli,  olive-green,  and  brownifli 
fliades;  accordingly  it  is  for  the  purpofe  of 
obtaining  fome  of  thefe  varied  tinges  that  it  is 
employed-';  but  it  is  not  of  much  value  in  this 
kind  of  painting* 

71  •  The  cauftic,  or  pure  alkalis,  do  not  pro- 
duce any  alteration  upon  filver.  Its  oxide  is 
ibluble  only  in  ammonia ;  and  if  we  expofe  thig 
folation  for  a  long  time  to  the  light,  the  am^ 
.  monia  is  decompofed,  azote  gas  is  difengaged, 
water  is  formed,  and  the  filver  is  reduced.  We 
have  already  feen  that  in  fome  cafes  this  reduc- 
tion is  accompanied  with  a  violent  detonation 
or  fulmination,  which  may  even  be  determined 
by  contaft,  or  the  flighteft  ffi6iion,  or  at  leaft 
by  preflure  Avhen  the  fubftance  is  not  dry. 

72.  No  fait,  properly  fo  called,  has  any 
a6lion  upon  filver.  This  metal  comes  pure  and 
without  alteration  from  the  trials  to  which  we 
may  expofe.  it  with  the  difterent  faline  fub- 
ftances.  It  is  not  fenfibly  oxided  either  by  the 
nitrates  or  the  fuper-oxigeuated  muriates.  The 
oxidable  metals,  on  tlie  contrary,  which  it  fo 

frequently 
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frequently  contains  are  attacked  and  gradually 
burned  by  thefe  fubftances ;  and  I  have  re- 
marked  upon  a  former  occasion  that  nitre  is  one 
of  the  means  for  purifying  or  refining  .it.  It 
has,  moreover,  too  little  attra6lion  for  oxigen 
to  be  fufceptible  of  alteration  by  tl>e  metallic 
folutions.  However,  its  oxide  has  more  attrac- 
tion, as  we  have  feen,  for  the  muriatic  acid  thaa 
pot-alh  or  foda  has, 

K.  Ufes.. 

73.  Th^  ufes  of  filver  are  fo  generally  known, 
that  it  is  fuperfluous  to  enter  into  many  details 
concerning  them.  It  is  employed  byall  civi- 
lized nations  for  reprefenting  all  the  produdioiis 
of  nature  and  of  art ;  it  is  alloved  with  a  deter- 
minate  quantity  of  copper;  ,  it  is  ftruck  into 
numerous  and  portable  medals,  M'hich  are  called 
money,  and  which,  with  a  conftant  ftandard 
and  weight,  form  amongft  men  united  into 
organized  political  focieties,  the  price  of  all 
kinds  of  merchandife  and  provifions.  In  this 
point  of  view  it  is  the  type  of  wealth  and  eafe; 
but  it  is  lefs  its  real  quantity,  than  its  prompt 
and  rapid  circulation  that  conftitutes  the  prof- 
perity  of  nations.  Its  particular  value  is  founded 
upon  its  fcareity  or  its  abundance,  as  its  quan- 
tity,is  always  augmented  by  that  which  is  ex- 
tracted from  the  bowels  of  the  earth  :  its  ufo 
and  employment  are  numerous ;  fo  th{tt  it  has 
gradually  coipe  into  ufc  in  applications  and  uten- 
sils 


SILVER.  473 

fils  for  which  it  had  not  at  firft  heen  deftined: 
hitherto  this  augmentation  has  been  perceptible 
from  one  generation  to  another,  from  century  to 
century,  not  onh'-  by  the  multiplication  of  the. 
objefts  fabricated  with  filver,  but  alfo  by  the 
increafed  cheapnefs  of  the  coins  of  this  metal, 
compared  with  the  different  merchandifes  or 
produftions  which  they  reprefcnt. 

74.  The  ufe  of  filver  for  utcnfils,  and  efpecially 
for  thof^  which  are  fubfervient  to  the  necelfities 
of  life,  "for  preparing*  and  taking  our  nourifli- 
ment,  is  the  moft  ellcntial  of  all;  in  this  point 
of  view,  it  is  really  one  of  the  mofi  precious  of 
metals,  on  account  of  its  beautiful  properties, 
its  unchangeblenefs,  its  inoxidability,  and  its 
infolubility  in  a  multitude  of  fubftances.  It 
were  even  to  be  Aviflied  that  it  might  be  ap- 
propriated more  frequently,  more  generally, 
and  efpecially  more  abundantly  to  the'  fervice 
of  the  interior  of  our  houfes  than  has  hitherto 
l^een  done,  and  that  it  might  ,be  confidered 
rather  as  an  objeft  of  falubrity  than  as  an  arti- 
cle  of  luxury.  In  this  fefpecl  the  fer vices 
which  filver  may  afford  to  mankind  might  even 
be  multiplied,  by  carrying  much  further  than 
has  hitherto  been  done,  the  art  of  applying  it 
Xo  copper,  or  of  making  with  thin  plates 
of  this  metal,  foldered  by  heat  and  pref- 
fure  to  thick  plates  of  copper,  the  article 
called  plated  filver.  The  members  of  the 
Academy  of  Sciences  have  afcertained,  in  1788, 
tlli^t  a  plate  of  pure  filver  extremely  thin,  ap- 
plied 
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plied  accurately  upon  copper,  defended  it  en- 
tirely from  the  contact  and  the  a6lion  of  all 
fubftances,  and  that  with  at  moft  a  thirtieth 
of  the  weight  of  the  copper  in  filver  plated  upon 
this  metal,  very  ufeful  kitchen-utenfils  might 
be  made,  far  preferable  to  the  ordinary  tinned 
copper,  both  with  refpe6l  to  the  reliance  that 
could  be  placed  upon  them,  and  their  dura- 
tion. 

75.  However,  notwithftanding  the  wife  ad- 
vice of  thefe  able  and  philanthropic  men,  we 
yet  fcarcely  ever  fee  thefe  veifels  with  furfaces 
of  filver,  thefe  fo  advantageoufly  plated  utenfils, 
in  ufe.  Silver  is  referved  only  for  the  arts  and 
the  objefts  of  ornaments ;  it  is  not  ia  the  kit* 
chens  of  the  opulent,  it  is  not  in  tlie  prepara^ 
•tion  of  their  food  that  it  is  employed;  it  is 
confecrated  to  luxury,  ihow  and  ornamenti 
The  art  of  rendering  it  fubfervient  to  this  plea- 
fure  of  the  eyes,  has  been  carried  very  far  ia 
France;  and  artifts,  by  an  induftry  no  left 
admirable  than  ufeful,  multiply  its  real  value 
in  a  thoufand  ways.  Affociated  with  defign, 
this  art  gives  it  the  pureft  and  moft  beautiful 
forms.  The  moft  lively  brilliancy  of  poliflior 
burnifh,  contrafted  with  the  dull  parts  of  a  pure 
white  colour,  forms  one  of  the  moft  beautiful 
and  pleafing  objefts  which  the  eye  can  beholi 
Beaten  into  thin  leaves,  drawn  into  attenuattrf 
wires,  mixed  with  filk  and  wool,  applied  to  At 
furface  of  wood,  of  other  metals,  and  of  a 
multitude  of  bodies,  it  adorns  pur  habitation* 
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our  domeftic  furniture,  and  our  apparel ;  in  the 
forpi  of  filvering  it  defends  mod  of  the  fub- 
ftances  which  its  covers  from  an  alteration  which 
they  would  experieube  without  this  integument 
of  filver.  Befides  eiiriching  them  with  its 
beautiful  colour,  and  clothing  them  in  its 
fplendid  drefs,  filver  alfo  removes  or  annihilates 
their  difagreeable  or  dangerous  properties, 

76.  Medicine  has  in  vain  fought  in  filver 
for  virtues  capable  of  palliating  or  curing  dif- 
eafes  ;  it  has  only  afforded,  when  taken  ia 
combination  with  th^  acids  and  oxigenated,  a 
violent  cauftic  w^hich  is  employed  merely  for 
fome  ekternal  applications,  and  ought  ntv^ 
to  be  ufed  internally,  though  the  nitrate  of 
filver  modified  in  different  ways,  has  been  re- 
commended under  the  names  of  argentine 
hydragogue  of  Boyle  and  Angelus  Sala,  of 
lunar  tinSures^  of  lunar  hezoar^  of  lunar  pills. 
It  has  in  vain  been  attempted  to  attribute  to  it 
St  fortifying  and  alexipharmic  quality.  A 
ynore  rigorous^  obfervation  has  demonftrated 
that  it  is  intirely  and  abfolutely  inert  in  its 
pietallic  ftate.  It  is  atprefent  even  rgeded 
-from  thofe  electuaries  to  which  it  was  added 
in  order  to  render  them  pleafihg  to  the  eyes 
of  the  patients  by  their  fliining  appearance 
^t  is  now  confined  to  the  humble  ufe  of  cover* 
ing  pills,  of  which  it  conceals  the  colour  and 
iJiminiflies  the  difagreeable  properties. 
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Article  XXI. 
Of  Gold. 

A.  Hijlory. 

1.  GOLD  is  in  the  fame  predicament  with 
filven  The  period  of  its  difcovery  lofes  itfelf 
in  the  obfcurity  of  antiquity,  and  no  tradition 
amongft  mankind  affords  any  trace  of  the 
events  by  which  they  were  firft  made  acquainted 
with  it*  It  cannot  be  doubted  that  its  fine 
properties,  its  unalterability,  its  indeftruftibility 
have  been  highly  valued  almoft  as  foon  as  it  was 
difcovered,  and  that  they  foon  became  the  ob- 
ject of  general  efteem  and  almoft  adoration. 
Accordingly  the  folly  which  has  for  its  chime- 
rical obje6l  to  form  it  in  a  dire6l  way,  to  create 
it  as  done  by  nature,  is  one  'of  the  maladies 
under  which  the  human  race  has  long  laboured 
Whilft  fome  fanatics  have  exhaufted  them- 
felves  in  ruinous  endeavours  to  produce  gold, 
the  multitude  has  generally  been  carried  away 
by  the  defire  of  acquiring  and  accumulat' 
ing  it.  The  philofopher  who  calculates  the 
crimes  of  all  kinds  which  this  ungovernable 
paffion  has  caufed  to  be  committed  upon  the 
globe,  is  obliged  to  conclude,  that,  notwith- 
ftanding  the  advantages  which  this  metal  h^s 
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procured  to  fociety,  the  fum  of  the  evils  which 
it  has  produced  greatly  exceeds  that  of  the 
good  which  has  been  derived  from  it- 

2.  In  the  feries  of  the  nnmerous  refearches 
and  experiments  that  have  been  made  upon 
gold,  the  long  and  arduous  labours  undertaken 
by  the  alchemifts  hold  the  firft  rank,  and  open, 
as  it  were,  the  fcence  of  the  chemical  difcoveries, 
of  which  it  has  been  the  objed.  After  having 
confidered  gold  as  the  moft  pure,  the  mod  per- 
fe6l,  the  moft  unalterable,  the  moft  fimple  of 
metals  ;  after  having  decorated  it  with  the  vain 
title  of  king,  they  have  compared  it  to  the  fun, 
and  have  reprefented  it  by  the  fame  emblem. 
A  circle  was  the  fymbol  of  its  perfection  and  its 
immutability ;  it  was  with  them  the  extreme, 
the  Jummum  of  metallization,  the  moft  perfect 
work  amongft  the  foffils ;  and  in  their  delirium 
they'  had  alnioft  placed  it  at  the  head  of  the 
creation.  Not  only,  according  to  them,  it 
contained  nothing  acrid,  nothing  foreign  t6 
the  metallic  nature,  but  it  was  the  produft  of 
an  accomplifhed  maturation,  of  a  perfe6led  in- 
cubation. Hence  the  flow  experiments  to 
which  they  fubjefted  the  other  metals,  in  order 
to  mature  and  perfect  them ;  hence  the  inde- 
fatigable patience  with  which  they  conduced 
their  refearches,  and  even  the  ridiculous  forms 
which  they  gave  their  inftruments.  Silver, 
as  the  neareft  to  the  ftate  of  gold,  required,  in 
their  hypothetical  opinions,  to  undergo  only  a 
laft  degree  of  amelioration  to  afford  a  tinfture, 

to 
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to  experience  a  fort  of  refinement  i  and  £x* 
ation. 

3.  Unhappy  operators  in  an  art  that  has 
never  exified,  and  of  which  it  is  doabtful  whe- 
ther the  objed  will  ever  be  determined,  though, 
we  cannot  be  certain  that  it  is  abiblutely  im^ 
pofiible  to  difcover  its  nature  and  intimate 
compofition, — the  more  the  'alchemiits  have 
laboured,  the  more  ^they  feem  to  have  wan* 
dered  from  the  objed  they  wifhed  to  attain. 
£v^ry  iac*  has  hitherto  proved  that  gold,  like 
the  other  metals,  b  an  indefinnfiible  bocfy 
from  which  we  cannot  feparate  any  principle^ 
which  we  cannot  in  any  manner  decompofi^ 
and  which  ads  in  all  the  circumftanccs  of 
chemical  operation  as  a  fimple  or  indeeompor> 
able  matter.  Whilit  they  accompliihed  no* 
thing  that  they  wilhed  to  accomplifli,  the  alche- 
mifts  have  taught  us  how  to  treat  gold  in  maiqr 
difierent  ways,  to  change  its  form  and  proper* 
ties,  to  rettore  it  to  its  iirlt  fiate,  to  obtain  it 
equally  pure^  equally  brilliant,  and  equally 
unaltered  from  the  multiplied  tortures  to  which 
they  fubjeaed  it ;  to  caufe  it  to  enter  into  dif- 
ferent compofitionS;  and  efpecially  to  render  it 
fubfervient  to  ieveral  curious  and  ufefnl  ope- 
rations. 

4w  It  was  from  the  pompous  accounts  of  the 
alchemiib  that  the  firfi  iyitematic  chemiii 
derived  the  truths  which  they  began  to  odfeft 
and  arrange  methodically  concerning  gdiL 
They  have  equally  profited  by  the  nnmenMi 
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labours  of  tlie  adepts  undertaken  in  the  inten- 
tion, always  fallacious  and  eV^er  revived  till  the 
dawn  of  experimental  phyfics,  of  finding  in 
this  metal  a  panacea,  an  iiniverfal  remedy.    All 
''the  formulae  of  potable  gold,  of  aurific  tindures 
and  elixirs,  all  the  pretended  means  for  dividing, 
attenuating,  diffolving  it,  have  been  received  by 
the  true  chemifts  as  fo  many  fafts  concerning 
its  affinities  and  combinations.     The  more  ra- 
tional labours  of  aflayers  and  metallurgifts  upon 
*  the  art  of  affaying,  purifying,  extrafting,  re- 
finitig,  alloying,  fufing,  cafting,  working,  and 
employing' gold  in  a  thoufand  different  ways, 
-'have  furnifhed   many  ufeful   details  to    che- 
mifts for   compofing  of  the  hiftory    of   thi* 
:    important  metal.     Laftly,    the  numerous  and 
,    induftrious  practices  of  feveral  arts  in  which 
.    gold  is  employed  in  order  to  give  it  an  hundred 
^  .different  forms,  to   multiply    its    furfaces^  to 
'  communicate  its  brilliancy  to  trinkets,  have  alfa 

.  ferved  to  inftrufi;  the  authors  of  the  treatifes  of 
it  . 

"chemiftry,  and   from  this  prolific  fourjce  have 

been  derived  all  the  fads  which  compofe  itspar- 

.  ticular  hiftory. 
:     5.  Of  all  metals  gold  is  that  which  has  had  the 

•  greateft  number  of  particular  hiftoxians  or  mona- 
graphic  authors.  Though  moft  of  the  works  of 
J-  alchemy  have  only  prefented  its  fabulous  hif- 
tory, we  may,  however,  rank  them  in  this  clafs  of 
^nonagraphic  treatifes  on  gold.  Amongft  thofe 
vhich  have  afforded  the  moft  ufeful  or  Angular 
^&Sf  and  which,  without  being  intirely  free 

from 
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from  alchemical  ideas,  have  given  thein  at  leait 
with  feme  rationality,  we  muft  particularly 
diftinguifh  Glauber,  Clavius,  Dickinfon,  Hel- 
vetius,  Orfchall,  Kunckel,  Barba,  Borrichius, 
Caffius,  and  Henckel.  Boyle,  Mufchenbroeck, 
Nollet,  among-ft  the  natural  Philofophers,  have 
colle6led  the  moft  ufeful  fafts  concerning  the 
phyfical  properties  of  gold*  Wallerius,  Lewis, 
Efchembach,  Gellert,  Salchow,  Tellet,  Born, 
Ferber,  Sage,  Ribaucourt,  are  the  chemifts 
who  have  written  bed  upon  the  aflaying,  or 
the  treatment  in  the  large  way,  and  the  tota* 
lity  of  the  properties  of  this  precious  metal 
Bergman  and  Scheele,  Citizens  Van  Manim 
and  Berthollet,  have  in  the  laft  place  added 
fome  important  fafts  relative  to  the  oxidation, 
the  folution,  and  to  feveral  of  the  compounds 
which  gold  is  capable  of  forming. 

6.  Though  fincethe  rife  and  eftabliflimentof 
the  pneumatic  doftrine  particular  and  confecu- 
tive  refearches  concerning  gold  have  not  been 
made,  tliis  do6lrine  has  greatly  advanced  our 
knowledge  of  the  properties  of  this  precioiii 
metal.  To  this  do6lrine  is  to  be  attributed  the 
precife  notion  of  the  oxidability  of  gold  which 
was  not  comprehended  before,  of  its  folubilitj 
in  fome  acids,  and  of  its  infolubility  in  othen; 
of  the  different  phenomena  of  its  precipitations; 
of  the  falts  which  it  forms ;  of  its  little  attrac* 
tion  for  oxigen,  compared  with  that  of  tie 
other  metals  for  this  principle ;  in  a  word,  rf 
all  the  properties  which  diftinguiflx  and  char» 
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terize  it,  ^  the  details  upon  which  I  ith  about 
to  enter  will  prove.  ' 


B.  Phiffical  Properties. 

7.  Gold  is  one  of  the  nioft  brilliant  and 
^oft  beautiful  of  metals,'  its.  particular  yelloV 
coloui*  and  its  remarkable  luftre  attraft '  and 
delight  the  eye,  though,  they  are,  perhaps,  left 
lively  and  Icfs  agreeable  than  in  lilver.  Malouin 
remarked,  that  in  the  le6lurcs  which  he  dellyered 
upon  gold,  the  appearance  of  his  hearfer^  ex-* 
hibited  figns  of  joy  and  fatisfaftion  when  he 
prefented  this  metal  to  their  fight;  and  it  is 
certain,  according  to  familiar  and  frequent  ex- 
perience, that  a  large  furfacc  of  well  burnifhed 
gold  attrad;sthe  eyes  of  all,  and  excites  in  thofe 
who  view  it  a  fentiment  of  hilarity,  a  kind  of 
]^leafure  of  which  it  is  very  difficult  not  to  feiie 
the  impreffion  when  we  attentively  obferve  thpfo 
.  who  experience  it.  It  cannot  be  doubted,  tli^t 
this  fentiment  is  natural,  and  indicates  a  real 
enjoyment  Undoubtedly,  the  moral  faculti^^ 
of  individuals,  affected  by  the  value  which  they 
Itttach  to^  gold,  contributes  to  it;,  but  thti 
property  of  the  colour  of  gold  is  lidt  th<J  left 
certafn,  though  we  are  not  autliorized  to  con- 
.elude  from  thence,  that  this  tfetal  has  an  alexi- 
terie  and  alexipharmic  quality,  as  \^as  done  fixty 
years  ago  in  medicine.  The  colour  6f  gold 
%^  not  conftaiit  in  its  tinge  or  Ihade;  a 
^teiX  nuQiber  of  circumftances  may  caufe  it  to 
--Vol.  VL  I  i  vary: 
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yary ;  we  may  diftinguifh  the  whitifh-yelldw, 
the  pale,  and  as  it  were  lemon-yellow,  thft 
greenifli-yellow,  and  the  reddifli-yellow  colours; 
but  it  is  probable  that  this  diiFerence,  which  is 
too  confiderable  to  be  owing  to  dHferent  phy- 
£cal  conditions,  proceeds  from  fome  metak 
which  are  alloyed  with  it.  Newton  having 
found  that  a  very  thin  leaf  of  gold,  placed  be- 
tween  the  eye  and  the  light,  appeared  of  a 
greeniih  blue  colour,  concluded  that  this  meta^ 
while  reflefting  the  yellow  rays,  admitted  by  re* 
f ration. in  its  interior  a  little  blue  light,  which, 
after  having  been  reflected  in  diiferent  diredions 
Ijy  the  metallic,  particles,  was  entirely  extin- 
guiflied.. 

8.  The  denfity  of  gold  is  fuch  that  it  has 
lopg  been  believed  to  be  the  heavieft  body  in 
iiature ;  but  it  is  now  kno%vn  that  it  holds  only 
the  fecond  rank,  and  that  it  yields  the  fiifi 
place  to  platina.  Cronftedt  and  Wallerius  have 
iix^icated  the  proportion  of  its  weight  to  that  of 
water  as  19,640  to  1,000.  Lewis  efiimatedit 
between  19,300  and  19,400 ;  Mulchenbroeck 
found  it  19>64a,  19,521,  19,238;  it  is  moft 
frommpnly  reckoned  at  19,258 :  the  wrou^t 
is  a  little  heavier  than  the  iC4fi.  Its  ha^^dnefi  ii 
not  very  coialfiderable ;  according  to  CitiM 
(Gruyto^,  it  holds  only  the  fifth  rank  amopg^ 
the  metals ;  it  is  fo  foft  that  it  may  be  bexuM 
in  all  diredions,  and  it  is  indiipenlably  Bfr 
ceffaryto  harden  it  by  an  aUoy  in  order  tl 
make,  nfe  of  it ;  its  elaflicity  i»  fe^lQ  as  wA 
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as  its  fonorous  property,  M'hich  is  frequently 
defign  cited  by  the  epithet  of  oWcure. 

9.  Tlie  dufliility  of  gold  is  one  of  its  moft 
fingular  properties,  and  which  excites  the  moft 
admiration  when  compared  with  that  of  other 
metals,  and  when  acknowledging  its  fuperiority 
we  confider  the  phenomena  to  which  it  gives 
rife  According  to  very  well  made  calculationai 
by  Wallerius,  Reaumur,  Lewis,  Geoffroy,  &c. 
a  grain,  of  gold  -may  be  drawn  into  a  wire  500 

^  feet  in  length.  Boerhaave  even  mentions,  after 
Caffius,  a  workman  of  Augfburg,  whofe  dex- 
terity was  fucb  that  he  aftually  drew  a  grain 
of  gold  iiito  a  wire  of  500  feet.  An  ounce  of 
gold  may  gild  a  lilver  wire  444  leagues  in 
length ;  a  grain  of  gold  flattened  into  leaves 
may  cover  an  area  of  more  than  1400  fquare 
inches.  It  may  be  lengthened  or  beaten  out  in. 
fuch  a  manner  as  to  occupy  65,590  times  the 
fpace  which  it  formerly  did.  Its  tenacity  is 
alfo  the  moft  coniiderable  that  is  known.  A 
gold  wire  one  tenth  of  an  inch  in  diametej  fup*- 

.  ports  a  weight  of  500  pounds  before  it  breaks, 
B^unmr  obferves,  that  a  layer  or  a  leaf  of  gold 
covering  filver  wire  of  rod^o'^ooo  of  an  inch 
farms  a  continued  opaque  tube,  M'hich,  accord- 
ing to  an  experiment  of  Haller,  may  be  obtained 
entire  and  feparate  from  the  filver,  by  dilfolv- 
ing  the  latter  in  nitric  acid.     This  aftonifliing 

-    du£lility  of  gold  gives  place  to  a  ftronger  hard- 
Mfe  and   elafticity  when  the  gold   has   been 

•    beaten^  comprefled,   paffed  through  the  wire- 
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drawing  plate.     It  is  then  faid,  that  the  gold 
is  hamlner-hardened,  but  its  accuftomed  dufti- 
lity  may  be  rcftored  to  it  by  heating  it  to 
rednefs  and  cooling  it  gradually. 
*    10.  Gold  is  a   good   condu6lor  of,  caloric 
Neither  this  property  has  been  accurately  deter- 
mined  nor  its  dilatability  by  the:a£tion  of  the 
lire,  though  it  is  known  ia^  general,  thfat  it  is: 
nearly  proportionate  to  its .  fufibility.      Gold 
becomes  red  when  it  i^j  penetrated  with  a  fiiffi-. 
cient  quantity  of  caloric ;  and  afteri^ards . when 
it    is    of   a    lively    green,    it    fofteos,    fofa 
and:  runs.     The  fufion  of  pure  gold   is*- pretty 
cafy.     Mortimer  eftimated  it  at  iSOO  degreei 
of  Fahrenheit's  Thermometer.    Citizen  Guy  ton 
has  deterftiined  it  at  32  degrees  of  Wedgwood's 
pyrometer,  -wlii  1ft,  as  i  have  already  mentioned, 
he  determines  that  of  filve'r  at  2&.  '  It  is  hh-. 
ferved  in  tbe  Arorkfliops  of  the  goldrmiths,  that 
gold  in  filings  or  in  fmall  fpots;  fufes  with  greater, 
difficulty  than  the  gold  in  ingots  or  in  larger 
pieces,  or  that  it  is  difficult  for  the  fmall  frag- 
ments   to    form    one    fmgle  piece     by    their 
fufion,  and  that  they  often  remain  like  thofc 
of  the  filver  in  feparate  globules.    Accordingly, 
in  order  to  make  them  unite  into  a  fingle  homo- 
geneous mafs,  which  they  call  colle6lin<y  the 
gold,  th^y  throw  into  the  crucibte  a  little  aitrn 
or  borax,  which  appears  tp  deftroy   the  linall 
foreign  bodies,    the  powders  with    which  the 
fmall  fragments  of  gold  apd  filver   were  fiir- 
rounded,  and  which  prevented  tliem  from  uwV 
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J?  in'j*.  Another  praftrcal  obfervation  of  po  lefs  im- 

-porfance,  refpefiing  the  fufion  of  gold,  is  that  if 

:  the  ijraple  degree  of  head  iieceffary  for  its  fufion 

.^yere  only  giwn.  it,  it  would   remain    brittle 

^^fter  haVingi  cooled  :  one  is.  obliged  to  raife  it 

jfo  a  much  4iigher  tern pferatu re  than  that  which 

rji?3'fir^cient  'for-its  fufion  in^  order  to  -preferve 

-ifsdu^iiity.     The  fame  inconvenience  takes 

pl^ce-wb^  It  is  fuffered  to  cool  too  fuddenly, 

; when  it  is  poured  into  a   cold  ingot-mould: 

.thefe  utenfils  mufty  therefore,  be  well  heated 

-tjeftre  the  fufed  gold  is  poured  into  them. 

. .   n .  By  augmenting  the  heat  of  the  fufed  gold, 

4t  feem?  to  affunie  a  more  convex  form  at  its 

iurfacc,  whereas   it  flattens  when  it  becomes 

fixed.     Lewis  attributes,  to  this  efiFeft  the  want 

of  exaftnefs  in  the  form  which  pure  gold  aflumes 

in  the  liioulds.     If  we  fuifer  it  to  cool.flowly, 

\and  if  at  the  moment  when  it  becomes  fixed  at 

its  furfacc,  we  break  the  folid  cruft  and  pour 

.  off  the  liquid  portion  which  it  covers,  it  afteds, 

in  the  cavity  left  by  this  decanted  portion,  a 

^i-yftalline  and  regular,  form,  which  has  been 

obtained  and  well  defcribed  by  Mongez  and 

Tillet :  it  confifts  of  very  dillinft  quadrangular 

pyramids,  or  regular  octahedrons.     It  prefents 

'•'■  the  fame  form  in  N&ture.     By  continuing  to 

heat  it  when  in  perfeft  fufion  we  fee  it  agitated, 

»    turning  as  it  were  upon  itfelf  and  afl'uming  a 

kind  of  motion  of  ebullition.   This  phenomenon, 

,which  was  well  obferved  under  the  focus  of  the 

burning  glafs  of  the  Academy  by  Homberg  and 

3  Macquer/ 


Macquer,  and  which  we  may  fee  whenever  wc 
fufe  a  fmall  globule  before  die  blow-pipe,  tetr 
minates  in  a  real  volatilization,  of  the  gold : 
and  though  this  fublimation,  tills  eyaporatiou 
are  .left  marked  than  thofe  of  filvei ;  though 
gold  is  really  lefs  volatile  tiian  thi^  latter,  U117 
doubtedly,  on  account  of  it^  alvnoil  dtluble 
denfity,  it,  however,  elevates  ilfelf  ill  yapour; 
and  Macquer  ha^  feen  it,  in  the  fovtn  of  ftiioke, 
carried  to  the  height  of  between  five  and  fix 
inches,  fixing  and  attaching  itfel^  to  the  fur- 
face  of  a  plate  of  filycr  fo  as  to  gild  it  in  a  ycjy 
exa6t  manner ;  accordingly,  a  inmll  lofe  is  ex- 
perienced upon  the  filver  and  gold  t|iat  are 
.  kept  tor  a  long  time  fufed  at  thefe  high  tem- 
peratures, which  agitate  them  and  reduCf^  them 
into  vapour. 

1 2.  Gold  has  neither  tafte  nor  fmell,  which 
is  owing  to  the  clofenefs  of  its  molecules,  to 
their  denfity  ;  neither  does  it  prefent,  at  leaft 
not  in  fo  marked  a  manner,  that  atmofpbere 
which  .envelops  or  furrounds  moft  of  the  other 
metallic  matters,  fo  well  chara6lerized  by  tbcfe 
two  properties  which  diftinguiih  them^  Gold, 
however,  is  ^  very  good  conduftor  of  theeleSric 
fluid,  and  of  that  power  irritating  the  mufcuJar 
organ,  which  is  called  galvanifm  in  modem 
experiments,^        '  '  .        .  .   .    • 
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C,  Natural  Hi/lory. 

• 

1 3.  It  is  ftill  a  problem  inmineralogy  and  chc- 
toiftry,  to  determine  whether  gold  be  niinerairi*- 
ed  in  the  globe,,  or  if  it  be  not  on  the  contrary 
merely  diffeminated  in  ores  very  various  in  theii: 
naturefand  properties,  in  which  it  is  contained, 
and  from  which  it  is  extra6^ed.  Frequently  it  is 
in  the  metallic  and  brilliant  ftate;  but  there- are 
fo  many  different  minerals  in  which  it  is  (fiown, 
and  from  which  it  is  extrafted,  that,  in  order  to 
acquire  a  proper  idea  of  its  natural  hiftory,  it  is 
indifpenfably  neceffary  that  we  iliould  firft  treat 
of  the  native  gold,  and  afterwards  of  the  g^ld 
concealed  in  the  aurilfcrous  minerals,  of  what- 
ever nature  thefe  minerals  may  be. 

14.  Native  gold,  fo  diftinguifliable  by  its 
colour,  its  brilliancy,  aiid  its  weight,  is  found 
fo  frequently  at  the  furface  and  in  the  interior 

.  of  the  globe,  though  always  in  little  abundance 
'  in  general,  that  Bergman  has  thought  that  after 
iron  this  metal  was  the  moft'univeffally  diftufed. 
In  the  form  of  fmall  feparate  mafles,  of  plated, 
filaments,  or  grains,  it  rolls  along  with  the  fand 
in  the  waters  of  rivers  and  brooks  which  have 
waflied  it  out  of  the  mountains  or  foils  in 
which  they  have  their  fource.  In  this  ftate 
it  is  frequently  met  with  in  Peru,  in  Africa,  in 
France,  in  Germany.  In  Africa,  fivfe  poi^nds 
of  fand  frequently  contain  iixty-three  grams 
of  gold,  whereas,   in  France  it  is  pretty  rai^ 

to 


4Sl8  gold, 

to  find  fand  which  contains  more  than  from 
twenty  to  twenty-four  grains  in  an  hundred 
-  pounds.  However,  this  fand  may  be  worked 
with  advantage.  It  has  even  been  propofed, 
indeed,  withbut  fuccefs,  to  work  a  fand  of 
Hungary,  of  which  ten  thoufand  pounds  con- 
tain only  from  ten  to  twelve  grains  of  gold. 
The  moll  auriferous  fand  is  that  of  a  red  or 
brown  colour. 

The  fecond  ftate  in  which  native  gold  is 
found,  is  that  of  particles  or  fragments,  more 
or  left  large  and  perceptible,  inclofed  in  a  ftony 
gangue,  almoft  ahvays  of  quartz,  fometimes  of 
jafper,  of  cornelian,  &c.  Peru,  vMexico,  Si- 
beria, Hungary,  Tyrol,  France,  &c.  particu- 
larly afford  it  in  this  ftate.  The  form  of  this  na- 
tive gold  varies  greatly ;  it  is  in  plates,  filaments, 
grains,  in  oftahedral  cryftals,  in  tetrahedial 
prifms,  in  four-fided  pyramids,  in  capillary  fila- 
ments, or  in  maffes  irregularly  roundill),  which 
are  called  kidneys  *  It  is  this  ore  of  gold  whitii 
gives  rife  to  the  auriferous  fapd, 

15f  It  is  not  to  be  underftood  that  native  gold 
is  pure  gold ;  it  is  alloyed  with  copper,  with 
iilver,  with  iron,  even  with  mercury :  hence 
^rife  the  fp-various  colours  which  diftinguilh 
the  gold  pf  different  countries ;  the  pale  yel- 
low, the  dark  yellow-  the  reddifli  yellow,  tlie 
greeniih  yellow,  the  duftile  gold,  the  rigid 
gold,  the  pliable  gold,  the  brittle  gold  ;  for  it 
prefents  all  thefe  properties  in  the  different 
pieces  of  native  gold  pf  different  countries  that 
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are  compared  together :  fo  that  in  confidering 
this  native  gold  as  a  real  fpecles  amongft  the  ores 
of  this  metal,  it  is.  rather  amongft  the  natural 
alloys  that  it  ought  to  be  placed,  in  a  mineral- 
ogical  fyftem  founded  upon  the  intimate  nature 
of  the  foflils,  which  is  the  only  one  which  the 
prefent  ftate  of  our  knowledge  allows  us  to 
admit 

16.  Mr.  Kirwan  enumerates  five  fpecies  of 
ores  that  contain  ^old,  and  which  he  confe* 
quently  ranks  after  the  only  real  fpecies  of  ores 
of  this  metal ;  that  is  to  fj^,  the  native  gold  ; 
namely,  the  yellow,  or  martial  pyrites,  the  ar* 
fenical  pyrites;  the  white,  Ted,  or  vitreous  ore 
of  filver ;  the  fulphureous  ore  of  filvei*,  of  ifon, 
of  lead,  and  of  manganefe  of  Tranfylvania ; 
and  laftly,  the  fulphurated  copper  and  iron  with 
manganefe.  It  is  true,  he  adds  at  the  beginning 
of  each  of  thefe  articles  the  words  mixed  gold; 
which  manifeftly  announces  that  he  confiders 
thefe  ores  as  fo  many  mixtures,  and  that  he 
thinks  with  Bergman,  that  the  gold  is  only  dif- 
feminated,  not  mineralized.  Bergman,  in  fa£l, 
obferves,  according  to  the  examination  of  feve- 
ral  auriferous  pyrites,  that  the  gold  which  is 
extracted  from  them  hy  digeftioii  in  nitric 
acid,  is  in  fmall  angular  grains,  which  prove 
that  this  metal  exifted  in  the  (late  of  fimple 
mixture,*  and  not  of  compofition,  in  the  py- 
rites.  Thus  the  ores  of  copper,  of  filver,  of 
lead,  of  iron^  of  cobalt,  of  antimony,  from 
which  gold  is  frequently  extra6led  by  docimaf* 
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fie  and  metallurgical  opcfation,  appear  to  con- 
tain this  thetal  firaply  diffeminated  amOngft 
thieir  particles  ;  and  there  is  reafon  to  beli^vfe, 
that  when  thefe  ores  ai^  decompofed,  efflorefee, 
become  fulphatized  and  diffolved,  the  gold 
vhich  feparates  from  them  is  then  carried  away 
by  the  waters  and  depofited  in  the  fand  as  if  it 
were  native  gold. 

1 7.  Perhaps,  however,  it  is  neceflkry  to  dif- 
tingiiifli  from  thefe  ores  in  which  the  gold  ap- 
pears to  be  diffeminated  with  all  its  properties, 
thofe  of  Fatzbay,  Qffenbaya,  and  Nagyag  in 
Tranfylvania,  in  which  Born,  with  feveral  other 
mineralogifts,  had  at  firft  fufpefted  thatthe  gold 
was  combined  with  fulphur,  antimony,  arfenic, 
iron,  and  filver,  and  in  which  Mr.  Klaproth 
has  lately  (January,  1798),  found  the  new  me- 
tal called  Tellurium f  fmce  this  metal  which  bad 
before  been  taken  for  antimony,  appears  to  have 
a  great  attraflion  for  gold.  However,  the  che- 
niift  of  Berlin  has  not  yet  explained  himfelf  upon 
this  fubjeft ;  and  what  has  been  done  upon  the 
other  auriferous  minerals,  -in  which  the  gold  is 
diffeminated,  authorizes  us  to  believe  that  it 
ptefents  in  thefe  the  fame  ftate  of  finiple  mixture. 
It  muft  here  be  obferved  that,  excepting  the  au- 
rum,  or  metallum  problematicum  of  Fatzbay, 
in  Avhich  the  gold  is  contained  only  in  the  vti^ 
fmall  proportion  of  two  thoufandth  parts,  tte 
ores  of  Offenbaya  contains  0,30,  the  yellow 
ore  of  Nagyag  0,27,  and  the  grey  foliated  ore 
of  the  fame  place  0,08  and  a  kilf. 

18.  It 


18.  It  rfefiilts,  therefore,  froni  what  has  juft 
feeen  fet  forth  relpe^ing  the  natural  hiftory  of 
gold,  that  this  lyietal  does  not  exift  pure  and 
veil  ihfulated'in  any  foffil ;  that  it  is  always  iii 
the  (late  of  alloy;  that  this  is  even  its  only 
i^ate  in  the  globe ;  that  it  is  frequently  diffemi- 
nated  or  mixed  in  o.ther  ores,  and  that  neitheip 
fulphuret,  nor  oxides,  nor  falts  of  gold  are 
'known  in  nature;  which  manifeftly  depends 
upon  this  fmall  attraftion  which  gold  exerts 
upon  the  other  natural  bodies,  and  upon  the 
force  which  condenfes'  its  own  -particles,  ^ 
tvill  be  proved  by  all  the  fads  of  its  Chemical 
Hiftory.         ^ 

'  I).  Jffay  and  Metallurgy. 

'  19.  No  aflays  are  more  fimple  or  more  eafy 
jto  be  made  than  thofe  of  the  ores  of  gold, 
when  they  are  performed  only  upon  Vvhat  i^ 
called  natiye  gold ;  but  when  fulphureous  au- 
xfferous  minerals  are  to.  be  treated,  we  meet 
with  more  difficulties:  it  is  by  the  humid  M^ay 
pnly  that  we  ought  to  proceed  in  it,  and  tho 
proceffes  indicated  by  Bergman  are  thofe  which 
JTucceed  the  heft,  and  which  ought  to  be  em-^ 
ployed.  Native  gold,  which  is  generally  aU 
Joyed  with  copper,  filver,  and  iron,  is  treate4 
by  the  nitro-muriatic  acid.  The  filver  is  de- 
j^ofited  fpontaneoiifly  in  an  infoluble  muriate, 
one  fifth  part  of  the  weight  of  which  be-^ 
longs  to  the  m^tal ;  the  gold  is  precipitated  in 

a  fine 


-a  fine  powder  by  the  fulphateof  iron  ;  the  iron 
h  indicated  by  the  prufiiate  of  pot-afh,  and  the 
cop|>cr  is  feparated  by  the  iron :  each  of  theft 
operations  is  performed  upon  particular  portions 
of  the  native  gold. 

20.  The  auriferous  fulphurets  of  iron  are  pul- 
verized :  they  are  then  digefted  in  diluted  nitric 
acid,  at  forty-five  degrees  of  temperature*  fix 
parts  of  this  acid  being  employed  at  feverai 
times  for  one  of  ore,  tilt  the  fulphur  is  feparated 
pure,  and  of  its  natural  colour.  From  twelve 
:to  fixteen  parts  of  acid  are  required  for  one  part 
of  pyrites.  The  fulphur  renfiains  at  the  furface 
of  tlie  liquor,  and  the  gold  is  found  at  the  bot- 
tom in  a  brown  powder.  It  is  feparated  from 
the  infoluble  gangue  by  wafliing;  it  is  upon 
thefe  particles  of  gold  that  we  obferve  the  angu- 
Jar  form  which  announces  that  they  were  dif- 
feminated  in  the  ore.  The  other  metals,  the 
iron,  the  copper,  the  zinc,  and  the  earthy,  cah 
careous,  and  aluminous  gangues,  which  may 
,exift  in  the  auriferous  fulphurets,  are  difiin- 
guiflied  and  feparated  by  means  of  the  differ- 
ent procefles  indicated  in  the  articles  which  re? 
late  to  them.  The  united  weights  of  all  the 
fubftances  obtained  feparate  ought  to  anfwer 
to  the  total  weight  of  the  ore.  It  is  very  evi: 
dent  that  the  fame  proceffes  may  feri'^e  for  tlrf 
analyfis  of  all  the  auriferous  minerals  pf  what- 
ever  nature  they  may  be. 

21.  As  to  the  gold-ores  of  Tranfylyania,  in 
M^hich  Mr.  Klaprotb  has  found  thp  new  mctalj 
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vhich  he  has  called  Tellurium,  the  following  is 
1^.  manner  in  which  he  has  made  their  analytic 
aflay*     He  heated  them  in  fix  parts  of  muriatic- 
acid,  adding  three  parts  of  nitric  acid,  which 
he  caufed  to  boil ;'  by  this  means  he  obtained  a 
compjete  folution  ;    this  folution  he  precipita- 
ted by  cauftic  pot-a(h,  which  he  employed  in 
i^fiicient  abundance  to  re-dillblve  the  precipi- 
fcite .firft  formed  ;  there  remained  brown  flakes 
gonfilling  of  oxides  of  gold  and  of  iron.     He 
poured  muriatic  acid  into  the  alkaline  folution. 
till  no  more   white   powder  was  precipitated, 
avoiding  an  excefs  of  this  acid:  this  powder 
he  treated  with  a    fat   oil  in   a  retort  whidi 
he    heated    to   redncfs.    ^   The   oxide   of  tel- 
liirinm  was  reduced  into  white,  brilliant,  and 
Cryftallized  metal,  of  which  a  part  wa^  volatl*^ 
lized,.  aadthis  he  examined  particularly,    and' 
found  to  confift  in  the  proportions  which  I  haVd* 
formerly  indicated.     Already^  before  Mr.  K\^^ 
proth,  Mr.   Bindheim  had  analyzed  tlie  ore  ot- 
Nagyag  by  a  procefs    which  may    have*  it6 
advantages  for  finding  and  extraftiiig  the  gfold^* 
jhough.it  did  ngt  lead  him  to  the  difcovery*)df 
the  particular  metal  \vhich  is  contained  in  it/ 
After  having  kept  the  bte  pulverized  ill  an  optfu 
crucible  till  the  whole  of  the  fulphur  was  burned,' 
he  threw  the  refiduumy  whilft  ftiir  hot;  ixjit^- 
water, .  and  there  remained  an  infoluble  matter 
qf  a'reddifli-brown  colour.     This  he  dige(le<li 
to.drynefs  in  three  parts  of  nitro-muriatic  acid  ;i 
Iw  added  ether  to  itv  and  agitated  it  ftrongly ;« 
.:.:  -      the 


the  ether  carried  oflF  the  gold  which  it  reduced, 
and  after  it  had  been  evaporated  with  the  aid  of 
beat, :  this  metal  remained  in  a  pure  and  du6tile 
ilate* 

32.  The  proceffes  employed  in  the  extraftion 
of  gold  are  fimple  and  eafy  to  be  conceived,  ac- 
cording to  all  that  1  have  already  fet  forth  con- 
cerning the  metallurgical  operations  in  the  pre- 
ceding articles.  The  auriferous  fand  of  the  ri^ 
vers  is  waflied  with  the  hand  in  wooden  bowh^ 
by  men  who  are  callcdorpailleurs.  Native  gold 
requires  only  to  be  extra^led  frona  its  gangue 
and  united :  for  this  purpofe  it  is  damped  or 
ground  ;  it  is  wafhed  in  order  to  feparate  the 
gangue  reduced  into  light  powder  which  the 
water  carries  off ;  it  is  then  triturated  in  a  mill 
fqilJ  of  water,with  ten  or  twelve  times  its  weight 
of. mercury;  the. water  is  decanted,  which 
oarries  off  all  that  is  of  an  earthy  nature.  The 
amalgam,  when  once  feparated  from  the  earth,  and 
fufficiently  brilliant,  is  exprelTed  in  fkins  in  or- 
der to  feparate  the  exceeding  portion  of  mer- 
cury from  the  folution  of  gold.  The  thick 
and  folid  portion  which  is  left  after  the  expreffioo, 
is  heated  in  retorts  of  ftone-ware^  to  complete 
rednels,  in  order  to  obtain  the  mercury  fepa* 
rate,  and  the^  gold  which  remains  is  melted 
and  caft  into  bars  or  ingots. 

As  to  the  gold  which  is  diiTeminated  or  conn 
bined  in  the  ores  of  fil  ver,  of  copper,  or  of  lca4 
it  is  extraded  by  eliquation,  cupella4;ioii,  tod 
the  parting  aflayii    The  lead  whiob  runs  duiinf 
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flieeliquationofthc  argentiferous  and  auriferous 
copper,  carries  along  with  it  the  filver  and  the 
gold^  it  is  afterwards  cupellated  in  ordet  to  fco- 
rify  the  lead.  The  gold  and  the  fiiver  remain  un- 
touched and  alloyed  with  each  other;  they  are 
feparated  by  the  parting  aflay,  which  will  be 
defcribed  in  treating  of  this  alloy.  It  has  been 
propofed  to  treat  the  auriferous  pyrites  by  amal* 
gamation,  the  fuccefs  of  which,  already  con- 
firmed in  Germany  and  Peru,  proves  that  the 
goid  exifb  in  them  in  a  (imple  ilate  of  dilTemi- 
nation,,  and  not  combined. 

23^  Of  all  the  metah  hitherto  known,  gold 
is  the  molt  indeflru6lible  and  the  mod  unalter-* 
ablc^  by^  the  [conta6i  of  the  air ;  it  is  the  only 
oneiwhich  preferves  its  luftre,   its  brilliancy, 
its   tcuidiours,  and  all  its  purity ;  the  only  one 
v^bdch  refifts  the  efFe6ls  of  accumulated  ages.. 
The' gildings  of  all  public  edifices,  which  che^ 
nAAsc  generally  quote  in  demonflration  of  their 
uualterabiHty  of  gold  by  the  air  and  the  va* 
pojurs.  which  it  carries  with  it,  are  but  weak 
examples  in  comparifon  with  thofe  Qarsofgoiir 
s^ttancheA  Ao  the  cieHngs  of  temples  built  thcm- 
fkoids  of  years  ago  by  the  Egyptians,  whicli 
modem  travellers  have  recently  feen  fhining  iit 
all  tbetr  hifbe  upon  tlie  ruins  of  thofe  immenfe 
ediftwB  which  have  efcaped  for  fo  many  centtt^' 
lieaiiooi ttefcythe of  TSme.    With  i^pea  ta 
tiais  b^ntifiil^  property;    gold  is '  far  foperioir 
fo:  filver,  which  affumes  a  black  colour  by  long 
Q^rpeAiK  ia  tibie  ^in    • 

^^'^  -  S4.  However 
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24.  However  intenfe  or  durable  the  heat  of 
the  furnaces  may  be  in  which .  gold   is  kept 
fufed,  it  is  not  fufficient  to  alter  it  or  ccm- 
vert  a  fingle  particle  of  it  into  oxide*    Claviitf, 
Kunckel,  and   Boyle,  have  kept  gold  in  this 
manner,  during  whole  months,  in  the  itate  of 
fufion,   in  the  mod  intenfe  heat   of  fdmaces, 
without  finding  that  it  underwent  any  alteta- 
tion.     Citizen  Baum6  aflerts,  that  he  has  kq>t 
for  a  whole  year  leaf  gold  triturated  into  a  fine 
powder,  and  continually  heated  to  rednefi^  in  a 
veflfel  into  which  the  air  penetrated,  without  it 
experiencing  any  fenfible  alteration.   The  alche- 
xnifts,  however,,  have  pretended  that,  by  the  fiic 
of  a  reverberatory  furnace,  thii  metal  \iras  fuf- 
ceptible  of  being  oxidated.    It  is  remarked  that 
when  gold  is  well  fufed  and  at  the  white  heat,  it 
prefents  at  its  furface  a  very  perceptible  greeniih 
or  water-coloured  flame.  But  it  is  at  prefent  evi* 
dent,  that  when  it  had  not  been  made,  to  experi- 
ence any  change  in  the  experiments,  it  was  becade 
a  fufficiently-^levated  temperature  had  not  been 
employed,  as  is  proved  by  the  following  refults* 
.  25.^  Horaberg,  having  expofed  pure  gold  to 
the  focus  of  the  lens  of  Tfchimhaufen,  iav 
this  metal  emit  fumes,    become  reduced  into 
vapour,  and  covered  with  a  violet-coloured  Vi- 
trified oxide.     This  fa£);  had  been  attributed  to 
extraneous  bodies,  audefpecially:  to  the  chai^ 
coal  which  feryed  to  fupport  th^  gold,  till  tb 
time  when  Macquer  repeated  the  expierimentsof 
Homberg  with  the  new  len9;0f.tbe  wadeajr 
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vbicb  is  much  ftronger  thaij  that  off  Tichirrir. 
.  l^aufen.  After  having  verified  the  -volatiliza- 
tion of  the  gold  into  fmoke,  arfd  feen  it^  under- 
the  focus  of  this  mirror, ^agitated  by; a^^ rapid 
inteftine  .motion,  he  obferved  that  it  became 
cov6red;;with  a  dull  and  wrinkled  pellicre,  that 
in  th&.courfe  of  time  a  folid  vitrification  formed 
itf^  in  this  kind  of  covering,  forming  a  por- 
tion of  a  fphere  fmaller  than*  the  globule  of 
gold,  and  as  it  were  fet  in  it  like  the  tranf- 
parent  cornea  upon  the  ball  of  the  eye.  This 
vitrification  gradually  extended  itfelf  and  form- 
ed'a  very  vifible  knob,  whilft  the  gold  at  the 
fame  time  diminiihed ;  the  fupport  was  al- 
ways impregnated  with  a  purple  mark  manifeft- 
ly  owing  to  a  fmall  quantity  of  glafs  abforbed. 
Thus  it  cannot  be  doubted  that  the  gold  is  ox- 
ided  by  this  procefs,  efpecially  when  we  find  by 
other  ftates  of  this  metal  that  it  is  fufcepti- 
ble  of  frequently  affuming  tfeis  form  of  brown 
or  deep  purple  powder ;  a  colour,  which  is  one 
of  the  indications  by  which  we  recognize  its 
oxidation  with  the  greateft  certainty. 

Q6.  Citizen  Comus.  was  the  firft  M^ho  de- 
fcribed,  in  1773,  the  effeft  of  eledlricity  upon 
a*  leaf  of  gold  placed  between  two  cards,  and 
fliowed  tliat  it  was  changed  into  a  violet  pow- 
der, '  which  appeared  to  him  to  be  a  calx  of 
gold^  as  the  metallic  oxides  were  then  termed* 
It  had  been  already  for  a  long  time  known  that 
gold  affuraes  the  fame  colour  by  the  conta^k 
and  ebullition  of  the  nitric  acid  in  the  parting 
.    Vol.  VL  K  k  aflay, 
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affaly,  and  that  it  coimiiunTcat^s  it  to  fhc|  ftia- 
inels    m    the    glazing     ahd    paintings    upon 
porcelain ;    but     chemifts,    nererthelefsj     did 
not  conflder  thofe  changes  of  the  gold  aft  the 
produ^s  of  an  oxidation,  fince  they  faw  theft 
colours  eafily  and  quickly  converted  agiain  to 
the  brilliancy  of  gold  by  the  aSioh  of  fii*. 
They  were  therefore  led  to  confider  this  oxida- 
tion as  a  fimple  divifion  of  the  metal,  till  Citi- 
zen Van  Marum  had  found  in  the  powerful  ef- 
ffefts  of  the  eledrical  machine  of  Teyler,  the 
means  of  burnilig  gold  with  fuch  luftre  that  its 
real  combuftibility  could  no  longer  be  a  fubjed 
t)f  doubt.     A  gold  wire,  fufpended  ia  the  air, 
and  placed  in  communication  with  an'  ele^ric 
conduftor,  in  fuch  a  manner  as  to  caufe  the 
eleftric  ihock  to  pafs   through  it,  is   broken, 
kindled  with  a  very  perceptible  green  flame, 
and  reduced  into  a  powder,  which  the  air  car* 
ties  off  like  fmoke;  it  even  requires  but  veiy 
^little  air  to  favour  the  combuftibility  of  gold; 
fome  have  even  gone  fo  far  as  to  infer  from  the 
inflammation' of  this  metal  effefted  by  the  el«> 
trifrfpark  in  receivers  full  of  hidrogen  gas  and 
other  elaftic  fluids  which  cannot  be  fubfervient 
to  combiiftion,  that  this  experiment  might  af- 
ford a  ftrong  objeftion  againft  the  pneumatic 
dodrine ;  but  the  difcovery  of  the  di^compo* 
fition  of  water  by  eleftricity,  and  the  conilant 
prefence  of  this  liquid   in  ftioft  of  the  gafeij 
have  deftroyed  this  pbjeftipn.     It   is   likewife 
•known  that  this  oxidation  of  gold  into  the 

violet 


oohv.  499 

viokt  colour,  takes  place  upon  gildings,  which 
are  ftruck  by  lightning  when  it  falls  upon 
houfes.  ' 

27.  The  oxide  of  gold,  formed  by  the  dif- 
ferent proceffes  which  I  have  jCift  indicated, 
is  eafy  to  be  reduced ;  it  has  but  little  adhefion 
with  the  oxigen  Which  is  united  with  it.  The 
mere  con  tad;  of  caloric  is  fufficient  to  difen- 
gage  it,  and  to  reduCe  the  oxide,  more  or 
lefs  quickly,  into  the  metallic  (late.  It  appears 
that  this  purple  oxide  contains  about  five  or  fix 
parts  to  the  hundred  of  oxigen  ;  that  this  is  not 
the  laft  term  of  the  oxidation  of  gold,  that  it 
may  be  brought  to  eight  or  ten  to  the  hundred 
of  oxigen,  as  I  ihall  fliow  hereafter ;  that  it  is 
impoflible  by  the  mere  adion  of  the  air,  of  a 
high  temperature,  and  of  the  eledric  commo- 
tioo,  to  pu(h  this  oxidation  of  the  gold  farther 
thaD  to  the  violet  ftate ;  that  the  purple  oxide 
of  gold,  obtained  in  fuch  fmall  quantity,  and 
with  fo  much  difficulty  by  thofe  proccfles,  is 
\M%  capable  of  abforbing  from  the  air  the  por* 
tion  oC  oxigen  with  which  it  may  be  cpmbined 
in  other  chemical  operations;  that  it  is  con- 
(equently  unalterable  by  the  air,  and  that  it 
preferves  for  a  long  time  its  brilliant  and 
rich  colour;  and  that  long  cxpofure  to  the 
light  of  the  fun,  when  this  oxide  is  toot  en- 
gaged in  a  vitrifonn  combination,  decom{>ofes 
and  reduces  it  to  the  metallic  fUte. 
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F.  Union  with  the  Combufliblt  Bodies. 

28.    There   are   manv    combuftible   bodies 
with    which    gold  may   combine;    but  azote, 
hicliogen,  carbon,  fulphur,    and   the   ^lamond 
do  not  form  any  combination  with  it   Hidrogen 
eafily  reduces  its  purple  oxide,  arid  even  its  more 
advanced  oxides  of  which  I  fliall  fhortly' fpeak. 
It    has   been  believed   that    charcoal    powder 
upon  fufed  gold  rendered  it  brittle ;  but  the 
proceffes   that    are   employed  in   fotne    mints, 
in    which   charcoal  is   thrown   into   the   cru- 
cibles, while  it  is  fufed,'   prove  thV  cotitrary." 
S^ulphur  has  To' little  attraftioh  for   gold,  and 
fo    much  for   the  'other  metaTs,    that  it    has 
been  employed  for  feparating  thefe,  and*  efj)e- 
cially  filver,  froi].!  gold,  as Tlliatrflibw  in^fpe^lc- 
iiik  of  tlie  alloys  of  the  latter  ineifar.    Th^  allA-^ 
Ipe  fulpjiiirets  have  the  propeffy^ofaiflolvTDg 
gpld  witli  fdcinty.     When  we  fufe  in  a'^ciruti- 
ble  'equal  parts  of  pot-afli  orToda,  dfiYl  6f  fSl- 
pUrt^' with  an  eiglith'of  their  total  we1g;lirof  goM' 
iii  leaves,. this  metarcpmbines.  witli'tlie"rulphiiret 
and/ dXfoppears.     TIiis . matter,  pbU'i^d 'iipon. a 
plate.  4nd  drffolved  'in  water,  prefehts  no  traof 
ofm^tajric-gbld.^  The  whole  is  fbluWdf  rq  water;' 
V^e^^^n^^jjiiecipitate  the  fulphur 'and  the  gold 
by  ^tlie  "acicls,  and  obf am  the   gbld  i>are  anrf 
infulated  by '  Txeating^tTie  precipitate '  itf  Vcni^ 
cible  till  the  fulphur  is  volatilized.      It  cannot 
he  floulited,  that  in  thi 5  combination  the  gold 
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is  uv  the  ^fiate  '<)f  purple  .oxide^  and.  that  its 
oxidation  is  fayoiired  by- the  decompofition  of 
tlie  wafer  owing  to  the  alkaline  fulphuret.  It 
is  difficult  to  explain  how  Stahl  could  have 
written  a feriousdiffertation  upon  the  pretended 
ibliitiQii  of  the  goldcn-calf  of  the  Ifraehtes,  iu 
order  to  prove  that  Mofes  made  this  folution . 
by  means  ofthe  fulphuict  of  pot-afli  or  JivayoJ 

29.  Pelletier  has  proved  that  phofphorus  conir 
l^kie$::'Wiih  goM  4)^  Ijeatiftg  iii.  a  ^cmciblp  a^ 
;BC>ijXiture:of  one  part  of  gpld  in  fine  rfiUngSj  M'ith  - 
two  parts  of  vitreous  phpfplioric;  acid  and  aij 
?0ighth  pfvcarbon;  a  la^rge  part  of  the-  phof- 
phorus-di  fee  gag^dtfppm  the  acid  \yas. volatilized^ 
fcvt  there  fryen)ai;H(^laTfni^n<juantity united  wit^ 
tb'Q  gpldi-  thi.S:n>eta^W^S"W^hiter  and  mpre  brittle'; 
ytj^ad  a«  jappear^Hce.;(>f>  qryftalli?ation;  it  ap- 
peared to  contain  only -one  twenty -foui:tjli  qf  it^ 
weight  of  phofphprus.  He  ,alfo  fucpeeded  ja 
combining  phofphoms .wi^h  gold/  \ty  throwing 

-thcrphpfphorus.upon  thp  naetiiil  lieated  to  redneft 
in  a  crucible;  he  bad  the  lamp  refuLtas.in  thefiril 
experiment :  the  goldtoolc^up  .011,6  twenty-fourth 

^jpartof  its  weight  of  pholphorus.  It  became  pale, 
granulated,  brittle,  aud  a.  little  more  fufible 
tiian  it  was  before.^  The; pl^ofphorufvfeparates 
from  it  in  ya^pQUjrijind  withinflauimation^.  \^^^ 
theplio^diuret  of  gold.is  kept  forfon^e  fiiioi^  in 
fufion.  .    ,  .:      .     v^  -'  V  »    ••  r  '  ' r- 

30.  Gold  is  fufccptible  of  being  allGye4:with 
jpoft  of  the  metallic  fubftances,  which  Angularly 

change 
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change  iti  properties.  Arlfenic  fenders  it  eager, 
brittle,  difficult  to  be  filed,  of  a  granulated 
texture,  and  efpecially  very  pale ;  it  becomes 
at  the  fame  time,  very  grey  by  this  kind  of 
ialloy.  The  arfenic  is  feparated  fropji  it  by  the 
laQion  of  fire,  but  it  is  neceffary  that  it  ihould  be 
ftrong  and  long  continued,  becaufe  the  laft  por- 
tions of  arfenic  adhere  very  ftrongly  to  this 
metal.  This  alloy  has  not  yet  been  applied  to 
any  ufe. 

The  union  of  gold  with  tungften,  molybdena, 
chromium,  titanium,  uranium,  and  mauganei^ 
has  not  yet  been  examined.  ' 

SI.  The  combination  of  gold  and  cobalt  it 
dot  fenfibly  different  from  the  latter  metal  in 
its  pure  ftate,  according  to  the  chemifls  who 
have  fpoken  of  it.  Wallerius  fays  that  this 
alloy,  reduced  into  fine  powder  and  heated 
vith  the  contadb  of  the  air,  yields,  after  its 
oxidation,  by  an  .intenfe  heat,  ap  auriferous 
glafs  of  a  dark  blue  coloun 

Cronftedt;  fpeaking  of  the  combination  of 
nickel  with  gold,  fays  nothing  more  than  that 
}t  affords  a  white  and  brittle  mals* 

92.  fiifmuth,  fiifed  with  gold,  aHb  afiR^rds  a 
brittle  alloy,  the  brittlenefs  of  which  is  in  pro- 
portion to  the  quantity  of  the  bifnomth  e?n- 
ployed.  It  is  added,  that  the  fpecific  gravity 
of  tills  alloy  is  greater  than  the  mean,  which 
would  refult;  from  the  weig]it;  of  the  two  metals 
combined, 

33.  Anti- 
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'  33.  Antrmony  combined  with  gold  alfo  ren- 
ders it  eager  and  brittle.  This  alloy,  made 
with  equal  parts,  does  not  diifer  much  from  gold 
in  its  appearance,  according  to  fome  authors. 
The  alchemifts  have  frequently  employed  this 
combination  in  their  refearches.  They  called 
the  antimony  by  the  ridiculous  names  of  batk 
of  the  king,  royal  bath.  They  pretended  that 
the  quantity  of  gold  was  aqgmented  when  it  was 
feparated  from  the  illoy,  after  having  been 
fufed  with  this  metal,  but  accurate  experiments 
have  proved  the  falfity  of  this  affertion,  and 
that  it  proceeded  from  their  not  having  entirely 
purified  it,  but  left  in  it  a  furplus  of  anti- 
mony. The  fulphuret  of  antimony  was  for- 
merly much  employed  for  refining  gold,  for 
feparating  from  it,  with  the  aid  of  fuljjhur, 
the  metals  that  were  united  with  it. ,  It  was 
becaufe  the  fulphuret  of  antimony  afted  in  this 
manner  upon  all  the  metallic  fubftances,  ex- 
cepting gold,  that  this  mineral  was  called,  in 
the  language  of  the  alchemifts,  the  wolf  of 
metals.  When  the  gold  has  been  feparated  from 
the  metals  that  alter  it,  hy  means  of  the  ful- 
phuret of  antimony,  we  obtain  the  gold  alloyed 
with  antimony,  and  it  may  be  purified  or  re- 
fined by  keeping  it  for  a  longer  or  (horter  time  in 
fufion,  and  at  lail  completing  the  oxidation  of 
the  antimony  by  means  of  nitre.  It  is  fre- 
quently in  order  to  fi^parate  tin  or  iron  from' 
the  gold,  which  cannot  be  feparated  from  it  by 
pupellatioi^  with  lead  or  bifmuth,  unleis  with 

great 
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gf^t  difficulty,  that  the  fulphuret  of  antimony 
is  employed ;  but  there  are  feveral  other  means 
of  ^effeaing  this  feparatiop,  as  I  purpofe  to 
ihow. 

34.  Gold  unites  very  eafily  with  mercury, 
-Citizen  Giiyton  h^s  found  that  of  all  metals  it 
is  that  which,  when  applied  in  a  plate  upon 
running  mercury,  requires  the  gr^ateft  efFoit 
■  to  feparate  it  from  it ;  this  effort  he  reprefents 
by  the  number  446,  whereas,  it  required  only 
a  weight  equal  to  429  to  feparate  filver,  as  I 
have  faid  elfewhere.  As  foon  as  mercury 
touches  gold^  it  flattens,  extends  itfelf  over 
every  point  of  its  furface,  penetrates  it,  covers 
it  exaftly,  and  caufes  its  colour  to  difappear. 
All  artills  who  employ  merCury  in  their  opera- 
tions are  well  acquainted  with  this  effe&^  and 
carefully  avoid  all  contact  between  the  two 
metals.  A  plate,  an  ingot,  a  veffel,  any  utenfil, 
of  gold,  when  plunged  for  fotpe  moments  into 
mercury,  is  penetrated  by  it  to  fuch^  degree  ^s 
foon  to  become  brittle ;  if  left  in  it  for  a  long 
time,  it  foftens  and  is  entirely  dilfolved.  Ac- 
cordingly, mercury  has  been  reckoned  amongfl 
the  folvei)ts  of  metals.  When  we  triturate 
leaf  gold  with  mercury,  the  leaves  are  very 
quickly  condenfed,  and  fuddenly  drawn  into 
the  mercury  which  abforbs  them ;  in  this  man- 
ner we  may  charge  mercury  in  the  cold  with 
the  whole  quantity  of  gold  with  which  it  is 
',  capable  of  uniting.  Wallerius  has  remarked, 
that  pnp  part  of   gold    has    the  property  of 

coagulating 
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coagulating  tea  parts  of  jiiercury.     When  wc 
augment  the  proportion  of  gold,  the  amalgam 
becomes    folid.     :When  the  operation  is  per- 
formed in  the  large  way,  as  in  the  'svorklliops 
of  the  gilders,  the  combination  of  the  mercury 
and  gold  is  promoted  by  the  action  of  a  gentle 
.fire.     This  amalgam  faturated  with  gold  is  of  a 
*more  or  lefs  intenfe  j^ellow  colour ;  it  is  fnfiblc 
:by  a  mild  heat,  and  cryftallizes  by  cooling  into 
•leaves   or   quadrangular   prifms^    or  dendrites 
comppfed  of  fmall  otlahedrons :  a  ftrong  heat 
decompofes  it  and  difengages  the  mercury  from 
it,  but  the  laft  portions  cannot  be  extra6led 
froin  it  without  difficulty.     No  metal  feparates 
gold  from  mercury,  and  it  appears  on  the  coti- 
trary  that  gold  is  capable  of  carrying  off  mer- 
cury from  the  othcF  metals. 

Though  gold,  as  I  have  iliown,  is  very  diffi- 
cult, to  be  oxidated  by  the  air  affifted, by  the 
a6lion  of  lire,  the  alchemitts  had  annpunced  a 
long  time  ago  that  it  might  be  ccilcbied  by  the 
.-mediation  of  mercury.     Citizen  Baum6  afferts 
that  he  has  fucceeded  in  this  experiment  -  It 
confifts  in  putting  mercury,  containing  a  forty- 
eighth  of  its  weigjit  of  gold  into  a   matrafs 
with  a  flat  bottom,  and  with  its  neck  drawn 
out  at  the  lamp  and  brpken  off  at  its. capillary 
extremity ;  this  vcffel  is  placed  upon  a  fand-' 
bath,  and  heated  as  is  done  with  mercury  alone 
when  it  is  defired  to  convert  it  into  rediOxidf, 
which  was  formerly  called  J)recipilate  per  f^^ 
%\^^X  is  to  fay,  it  is  kept  (lightly  and  continually 
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fioUiflg  for  feveral  fucceffive  days.  According 
to  the  chemift  above  mentioned,  the  two  oxides 
of  mercury  and  of  gold  are  obtained  at  the  fame 
tittle,  and  within  a  fliorterTpace  of  time  tfaaB 
is  required  for  the  oxidation  of  the  mercuty 
alone-  This  phenomenon,  if  confirmed  by  new 
Teftarches,  will  prove  that  the  divifion  of  liic 
gold,  effefted  by  the  mercury,  (ingukrly 
favours  its  eombination  with  oxigcn,  and  that 
even,  when  united  together,  thefe  two  fnetd« 
fnutually  accelerate  their  own  oxidation. 

The  amalgam  of  gold  is  particularly  enjployeil 
for  gilding  upon  fdver,  copper,  and  even  iron. 

36.  Gold  eafily  unites  with  zinc  by  fufioa: 
the  refult  of  this  union  is  an  alloy  which  is 
paler  than  the  gold,  little-malleable,  frequently 
even  entirely  brittle,  if  the  proportion  of  the 
zinc  be  fomewhat  confiderable.  This  alloy,  oaade 
^th  equal  parts  of  the  two  metals,  is  of  afpeciSc 
gravity  above  the  mean,  and  affords  a  very  e^er 
metal,  of  a  fine  and  clofe  grain,   very  hard, 
fafceptible  of  a  beautiful  poliih,  little  alterable 
by  the  air,  and  which,  on   account  of  thefe 
properties   has  been  recommended   by   Hellot 
for  making  telefcopic  fpecula.     If  we   uijitc 
one  part  of  gold  with  ten  of  zinc,  and  inflaaie 
this  fufed  alloy  in  a  crucible,  the  zine,  fublimed 
into  the  air,  carries  the  gold  along  with  it; 
according  to  the  remark  of  the  ancient  chemiib^ 
who  have  likcwife  applied  the  fame  remark  to 
antimony :  on  t;his  account  they  huve  advifed 

pot 
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tiot  to  liMt  fKe  alirii^rOHS  antimoiiy  tee  rie* 
lently,  in  order  that  no  fetifible  portioH  ^f  it 
msy  he  loft.  OcM  alloyed  with  zinc  is  eafiljr  . 
ieparated  by  all  the  acid^^  which  diflblve  the 
Jatt^  of  thefe  tnetals  with  effervefceoce,  with- 
out touching  the  firft.  However,  the  lall  per* 
tions  of  the  zinc  are  defetfded  slgainft  the  a^ en 
4>f  the  acids  by  the  g6ld ;  on  this  aecount  the 
»fiion  of  nitre  ought  to  be  joined  with  that  of 
the  acids.  It  has  been  obferved,  that  zinc  does 
tiot  pafs  eafily  in  the  cupel,  but  rather  elevates 
itfelf  above  the  gold  \n  an  oxidated  fungus^ 
when  we  attempt  to  carry  it  oiF  by  ^  lead. 
It  is  in  this  cafe  that  bifmuth  has  been  adviied ; 
l>ut  it  does  not  fucceed  more  completely.  ^ 

S6.  Gold  combines  very  eaiily  and  quickly 
witfi  tin,  by  fufion.  This  alloy  is  dreaded  by 
all  artifts  who  work  upon  gold,  as  it  deprives 
It  of  all  its  ductility,  they  evein  are  apprehenfive 
4^  expoiing  gold  to  the  contaS;  of  the  mere 
vapour  o^  melted  tin,  which  is  alierted  to  be 
acjually  capable  of  rendering  gold  very  j»rittle. 
In  fa6^  this  alloy  is  fo  brittle  that  it  may  be 
reduced  to  powder  by  triturating  it  in  a  mortac. 
According  to  Wallerius,  this  powder,  heated 
in  conta£i;  with  the  air,  -  grows  black  and  after- 
wards white,  it  does  not  become  either  yellow 
or  red ;  no  molecules  of  gold  are  difoernibte 
In*  it  with  the  ftrongeft  magnifying  glailes;  even 
ttfter  the  oxidation  bias  been  carried  very  ^i 
mercury  can  no  longet  feparate  the  gold  from 
k.     When  we  vitrify  this  mixed  0i(ide,   we 

obtain 


.obtaiAja  yeUoAir  -gjajf^  jiit  tbe  %*h^  ikm^  there  is 
^e|)aribted> from*  it;  a;:poRtittnIof  iftetal.i5on)J>()fetl 
df^t^n.  aiitj  gold,.a^  obftrved  by  Br^nAtr'  The 
:^Bi€  alloy   is  lefs  detife  than .  is  -  indicated  by 
.calculation  from  the  two  metals,    according  to 
jthe  experiments  of  Kraft. 
.    Whatever  care  may  be  taken  t6  avbid  alloy- 
ing gold  with  tin,  this  alloy  is  frequently  met 
•with  by  the.  goldfmiths,  on   account    of  the 
^wellej^y    foldered    with  tin,    which,  though 
JcrapL^d   before-  it   is   fufedj    always    retains  a 
fufficient  quantity  of  it  to  deprive  even  con- 
ftderaWe   maffes    of  gold   of   their    duAility. 
;Thig  gold, .  altered  by  tin,  is   very  difficult  to 
be  purified  and  rendered  properly  du^ile.    The 
^(5(  does  not  pafs  in  cupeilation  with. lead,  nor 
^ve;n,withbilmuth;    nitre,    bomx,'  and  evfefi 
iuper-dxiigenated  muriate  of  mercury  which  arc 
io ;fxe(l\^ently  e*i>ployed  ^yith  this  iMtetttion,  do 
3\6t:  always.  fuQcecd   in  refimngsit.     If  it  be 
fcfftenqd.by:  tliefe  dilferent  means,  .it  .ftillirer 
fjift^tfy   .Tfitstins    tlijC; .  defe^i    of  CFacHing  .and 
ILiwing  under  tlie  hammer,.-    There  is, no  better 
PfiWefei  for  effefling  this   refJuiuLg  than  trcat- 
ftijEaat  [with  the  fulphur^t   of  antimoijy.    Vc 
m^y,  .alfo  etiiploy  the  a^ljon  ;Of  tfee.  mmiatic 
acid,  As^'hi^h  diffolveslthe  tiji/\\rh^i  ^it;i^  ^ppliied 
id  d  pretty  CQpf|deFab}i3  prdporCion.    ..      ' 
f ',$7.;  rLead  eafilyiunit^s  il^itlbgolclj  iby  if^ifiDB, 
Qfi4  do^s  npJ6,^ei)rive'it  Q^dts  duj^iUty  as'mucb 
^^. tip,  tbougilrit  fenfibly  imp^Jrs  it ;   the  colow 

%Uh^;l^M  ip.Mwh  ^ite^4,:^i)d  becomes  dull 
i  -iff.  Junckcr 
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Jtmcfer  affertss,  that  by  fufing  lead:in.a\v:effcl 
withi  a;  narrdw  orifice,:. upoa  wWch  ^old  .w^si 
placed  cjipbfed  to  the:  y^pQukiitf  thevforjaaQr^ 
Hletal.fori.the:ipace  of;  an  KoAir,'.  tbcipiiece'.o^ 
gal4; was  rendered  friable.  :  The j  alloy  pf.gol4 
with  lead  is  one  pif  thofewhich  are  pwifi^d  and 
"  dccpmpofed  with  < the ^  gr^teft  facility, '  on  >ac-; 
ci/ouodb  of  thci.yery  eafy  oxidability^and-vitrifi- 
eattoni  oftlie  lead^  It^iS  fuffici^nt.to.k^p  lit' 
for  a  long  time  fufed.  and.  red,  in  contaft.with 
the  air,  L  efpecially  in  a.  porous  veflel  capafele^of 
abforbing  the  vitrified  oxide  of  lead,  in  ofd^r 
entirely  to  deprive  the  goldibf  the  adjn'isiture  of 
thw'met^U  This  is  alfo  whatsis  done  iji  .tbe 
f3iJ)|^lHf6g^of  gold :  this  cupellatioB,.which?greaitlyr 
i^efembleS  that  Qf  iil.ver,  prefents. .  only  one  dif-i 
ferejice,  namjely,.  that  it  can,  .and.ewn  ought  to' 
^, f^vf&rtiied  with^a  ftrongerfice,:becaufe.the: 
l«adi,rdii)quilhe8  the  goldjnote,  flowly^ ,  which, 
ftrongly  retains  >its  laft. pp^tiorts,  ,^nd  becaufe  ihe 
gsi\di  FhiQh:ri?.firts  the  fii?e  [nli^ch  more,  power- 
iaily^  isr>lefs  fi|bje6l  to  fuiFer  ;>Kafte  than  the 

fiiv.er..':    r-.-i-     .      .1  k-.".! -;.»  v      . . ,-. 

.  ihj38t;JiQrieafily;unit^&  witih  .gold^  and,forms: 

With  itcZi  hjucd iaiiid.i>rittieij  smfs-  .  Lewis  found. 

*-/  "w  ... 

liwTfcxrf  rthrfe.  alldys  :fo/h,af;4/;..th^    he   h^s. 
«fleytrid-J^fi^}ght  make.!  Jiftzftrs,  of  them.    Equal 

partfii  of  irto  SUd ^old  ^a^b^'d  a  grey^mftfe  j'four* 

pj^rtar^jWn  a^il  opq  pCgpld  fornian  alloy  which 

'l»5^ih^rlyj:th.eiCoJwf?joififdvier.^^  '  Gellert  has 

c^ltferyfii^iJbhat  jthi^^  fpficiftc  Wieight 

.mfediorfit^.ritkatt:  indicate (Ji>-by  the  fum.  of. the, 

I-?.;:./.,.'  '  denfities 
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dcnfities  <jf  the  two  ^metals.  Pufed  gold  ad-, 
hcrcs  very  eafiljr  to  iron :  it  has  therefore  been 
propofed  to  folder  fmall  pieces  of  fleel  irith 
gold,  and  it  hM  been  remarktsd  that  this  foil- 
dering  is  far  preferable  to  that  with  copper* 
Gold  altered  by  iron  is  very  difficult  to  be  pu- 
rified ;  bifmuth  only  is  capable  of  carrying  it 
off  by  cupellation :  lead  is  inadequate  to  cany 
off  the  jron.  The  fulphufet  of  antimony  is  par- 
ticularly well  adapted  for  this  feparation,  or 
account  of  the  great  attradion  of  irou  for  ftd- 
phur* 

39*  Copper  combines  intimately  ind  eaflly 
with  gold  by  fufion     This  alloy  is  one  of  the 
moil  common,  as  it  is  that  which  gives  the  moA 
folidity  or  hardnefs  to  gold^  which  is  itfelf  too 
ibft  to  be  employed  alone,  and  pure  for  the  dif- 
ferent fabrications  for  which  it  is  deftined,  and 
as  infiead  of  weakening  or  concealing,  theccv- 
lour  of  the  gold^  it  very  fenfibly  augments  and 
heightens  it.     Mufchenbroeck  has  made  a  lerici 
,of  very  interefling  refearcbes  relative  to  tie 
alloys  of  gold  and  copper.     According  to  hinv 
the  proportion  which  gives  gold  the  greateft 
firmnefs  without  fenfibly  diminiihiDg-  its  dofii^ 
lity,  is  that  of  one  part  of  copper  to  Ibve^V 
gold.     This  alloy  is  more  fufible  than  goM;  it 
is  alfo  efpecially  employed  for  foldering  pieces 
of  the  latter  metal  to  each  other.     When  n 
wift  to  purify  gold  and  feparat^  it  entirely  frM 
the  copper  which  it  contains,  it  is  tseibti  hf 
cupeUatioA  with  lead;  the  lattcar  metali  as  it 

becomes 
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becomeii  oxided  and  vitrified,  eafily  carries  off 
"the  copper^  which  becomes  oxided  at  the  fame 
time,  and  combinfes  with  tli«  glafs  of  lead^ 
wlich  caufes  it  to  pafs  into  tl>e  pores  of  the 
cSupeL  Sometimes  alfo  nitre  is  ufed,  which  is 
thrown  upon  the  alloyed  metal  in  fufion ;  but 
this  procefs  does  not  extract,  without  great  dif- 
ficulty,  all  the  copper  united  with  the  gOld<r 
Citizen  Briifon  has  found  that  a  mutual  pe-« 
nitration  takes  place  in  the  alloy  of  gold  and 
copper,  atid  that  the  fpecific  gravity  of  the 
mixture  is  greater  than  the  fum  of  the  fpecific 
,  gravities  of  the  two  metals  feparate.  Thus  gpld 
of  the  Paris  ftandard,  that  is  to  fay,  containing 
one  part  of  copper  to  eleven  of  gold,  gives  as 
its  fpecific  gravity  17,486,  whereas  ifnopen^^ 
tiation  took  place  between  thefe  two  metals,  it 
ought  to  be  very  nearly  17,153  ;  which  makes 
iXL  augmentation  of  denfity  of  about  tV* 

40.  Silver  unites  well  with  gold.     Homberg 

bas/emarked,  that  when  equal  parts  of  thefe 

two  metals  are  fufed  in  a  crucible,  they  eafily 

icparate,  though  the  gold  which  finks  to  the 

bottom  retains  however  about  a  feventh  part  of 

iti  weight  of  filver.     Jufti  has  pretended  that 

theft  two  metals  might  be  feparated  by  mere 

fufioti,   continued  for  a  long  time ;   but  this 

procefs   is  far  from  deferying   the  eulogiums 

^ which  its  author  has  befiowed  upon  it:    the 

gold  always  retains  fome  filver,  and  the  filver 

.  a  little  gold  ;  fo  that  it  kiay  be  faid,  that  thefe 

^  two  metals  feparate  into  two  different  alloys^  the 

3  inferior 
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inferior  of  which  is  argentiferous  gold,  and 
the  fuperior  auriferous  filver.  When  thefe  two 
fufed  metals  are  well  agitated,  they  form,  a  ho- 
ttiogeneous  alloy.  I  have  already  remarked  in 
another  place,  that  filver  greatly  weakens,  and 
entirely  covers  the  colour  of  copper.  -  Gellert  has 
obferved,  that  the  alloy  of  gold  and  filver  fuflfers 
only  a  flight  augnienta.tion  of  fpecific  weight 
Mufchenbroeck  has  found  that  one  part  of 
filver  gave  to  two  parts  of  gold  the  greateft 
poflTible  confiftence  or  firmnefs.  As  to  the  co- 
lour, it  is  very  remarkable  that  a  twentieth 
part  of  (liver  produces  a  great  change  in  gold, 
and  whiteils  it  in  a  veiy  ftriking  manner^  It  is 
alfo  to  be  obferved,  that  the'  addition  of  filver 
gives  rigidity,  elafticity  and  hardnefs  to  gold. 
With  this  alloy,  yellow,  pale,  and  green  gold, 
are  made  for  jewellery.  Formerly  this  alloy 
Avas  much  more  ufed  in  goldfmiths  work,  and 
in  coins  than  is  now  done ;  it  is  ftiil  employed 
for  foldering  gold,  and  for  enameller's  plates, 
and  it  is  frequently  met  with  in  the  filver  and 
gold  of  commerce,  which  requires  to  be  ^^ 
fined.  .  All  the  gildings,  and  whatever  goes  in 
the  fliops  by  the  name  of  gilt,  are  alloys  of  gold 
and  filver,  of  which  it  h  necelfary  exaftly  to 
know  the  pi'oportions,  and  effential  to  feparatc 
the  two  metals.  After  having  paffed  them  in  the 
Gupel  with  lead,  they  are  treated  with  nitric  acid, 
which  di'lTolves  the  filver  without  attacking: the 
gold  :  this  bperation  is  one  of  the  moft  import- 
ant in  the  docimaftic  art,,  one  of  thefe  whicli 
•  ■•     '  moll 
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hibft . merit  to  be  well  known ;  it'  is  highly 
interefting  in  all  the  arts  which  are  exercifed 
upon  gold  and  filver- 

-     41.  Though  the  name  of  the  parting  affdy 
is  applied  in  general  in  chemiftty  to  every  pro* 
cefs  of  which  the  •  obje6l  is  to  feparate  metals 
frotn  oiie  another,  this  denomination  is  inore 
|>articularly  applied  to  the  alloys  of  gold  and  fih- 
ver,  becatife  thfefe  two  metals,  being  more  import- 
ant and  tnore  Valuable  than  all  the  reft,  require 
a  degree  of  care  and  attentibn  which  thofe  do 
not  .  There  are  different  proceffes  for  parting  ^ 
mafs  cotopofed  of  gold  and  filver.  -  In  general 
we  begin  by  Endeavouring  to  afcertain  the  na^ 
tare  and  the  proportion  of  the  alloyj  by  the 
application  of  a  fimple  means,  but  which  requires 
Snuch  cxercife  and  habit  in  order  to  fucceed  in 
it}  accordingly  in  the  workfliops  this  operation. 
is  often  committed  to  one  particular  perfon.    It 
is  founded,  like  the  parting  affay  itfelf,  upon 
the  folubftity  and  oxidability  of  filver,  and  the 
inalterability-  of  gold.     It  confifts  in  rubbing 
the  alloy  upbn  a  hard  ftdne,  or  piece  of  jafper^ 
which  reoeives  a  mark?  from  it,  upon  which  fome 
drops  of  aqua^foltis  are  poured  ;  if  it  be  only 
lilver  the  whole  is  carried  away ;  if  it  be  onfy  gold 
the  mark  remains  entire:  what  remains,  com* 
pared  with  what  has  been  taken  away,  ferves  to 
determine  the  ftaiidard  of  the  gold.     It  is  evi- 
dent that  the  fame  means  will  ferve  equally  for 
gold  alloyed  with  copper ;  it  is  oftener  employ- 
ed for  the  latter  alloy,  which  is  much  more 
i: '  Vo  !•  VI.  LI  frequent 


frequent  than  the  firft  in  goldfiniths  work.  Wc 
may  become  accuftomed  to  judge  flcilfuUy  from 
this  firft  affay  by  the  touch,  or  by  the  touch- 
ftone,  by  beginning  to  praftice  with  knowu 
aJloys  of  all  poffible  proportions,  which  are 
called  touch-needles.  Even  the  colour  of  the 
mark  left  upon  the  ftqne  by  the  alloy,  indicates 
to  experienced  perfons  the  nature,  or  at  leaft  very 
41  early  the  proportion  of  its  parts.  But  though 
this  firft  aflay  isfuificientt^)  enable  us  to  judge  of 
very  fmall  pieces,  though  it  affords  a  firft  notion 
fufticient  to  guide  us  in  the  operation  which 
precedes  that  of  parting  the  alloy^ed  mais,  it  is 
far  from  being  fatisfaclory  for  thofe  who  wifli  to 
afcertain  with  precifion  the  nature  of  the  alloy 
of  gold  and  fil  vcr. 

42.  There  are  feveral  proceffes  for  making 
the  parting  aflay  of  an  alloyed  mafs  pf  ^old  and 
iilver  :   there  are  particularly  diftiaguiibed  the 
dry  partingj  the  parting  by  cementation  or 
concentrated^    the  inverfe  partings    and  part- 
ing by  nitric  acid^  or  aqua-fortis.     The  firft  is 
made   by  means    of  fulphur;   the    iecond  by 
a  mixture   of  fulphate   of  iroa  and   fea-fiJt, 
which  are  cemented  with  leaves  of  the  alloy  in 
a  crucible  :  it  is  the  oxigen.ated  mijirMtic  acid 
which  here  afls  upon  the  filver.     The  inverfc 
parting  is  made    by   the  nitfo-piuriatic  W^i 
which  diflblves  the  gold,  and  reduces^the  filvgr 
into  infoluble  muriate.    The  three  iiyft  kinds  of 
parting  are  rarely  ufed,  becaufe  they  aire  ei  there©* 
Imrralfing  or  not  fufficiently  ex,a6t :  it  U  the  part- 
.  .     .  •  ^  ...         ing 
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irig  Math  the  nitric  acid  which  is  the  moft  em-* 
ployed,  becaufe  the  moft  fimple  and  the  moft  cer- 
tain. In  order  to  perform  the  ordinary  procefs  of 
parting,  that  which  is  fubfequent  to  the  touch, 
and  ought  to  afford  a  pofitive  knowledge 
of  the  nature  of  tlie  alloy,  it  is  fir  ft  necelfary 
that  the  proportion  of  the  filver  be  at  leaft  dou- 
ble that  of  the  gold.  Moft  affayers  require 
even  that  the  filver  ihould  form  three  fourths  of 
the  alloy;  on  which  account  filver  is  frequently 
added  to  the  mafs:  this  is  called  qicartation. 
When  this  addition  has  been  made,  when  the  al- 
loy, having  been  well  cupelled,  contains  nothing 
elfe  but  filver  and  gold,  the  button,  which  is^ 
generally  taken  of  three  grammes,  or  two  dwts  is 
flattened  upon  a  fteel  anvil;  it  is  paffed  through 
the  flatting  machine,  taking  care  to  anneal  it,  in 
order  to  prevent  its  cracking,  and  that  the 
plate  which  is  obtained  may  be  peifeftly  entire: 
this  plate  is  made  fufficiently  ftrong  to  refift 
and  to  preferve  its  form,  thoug;h  thin  enoi^gh 
to  be  eafily  bended  ;  it  is  rolled  upon  a  pin,  or 
upon  a  mould  of  iron  made  exprefsly  for  the 
purpofe ;  it  is  formed  into  a  cornet,  which  is 
introduced  into  a  fmall  conical  matrafs :  upon 
this  is  poured  about  feven  or  eight  times  its 
veight  of  well-purified  nitric  acid,  or  of  pre- 
cipitated aqua-fortis  at  32  degrees  of  the  areo- 
meter, diluted  with  one  half  of  pure  water. 
The  veflel  is  placed  upon  a  fand  hearth  till  the 
effervefcence  and  thedifengagement  of  nitrous 
gas  are  well  eftabliflied  ;  it  is  heated  gently  as 

LI  2  long 
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long  as  red  vapours  arife ;  when  they  arifc  do 
longer,  and  when  the  efFervefcence  ceafes  at 
the  moment  in  which  the  matrafs  is  removed 
from  the  fire,  the  operation  is  terminated,  thefil- 
ver  is  for  the  greater  part  diflblved,  and  the  gold 
remains  M^ith  the  form  of  a  comet  or  coil,  and 
of  a  deep  purple  colour.  However,  in  order  to  be 
certain  of  carrying  off  all  the  filver  and  not 
leaving  a  furplus  of  this  metal  in  the  gold,  after 
having  gently  decanted  the  firft  acid  from 
above  the  cornet,  four  more  parts  of  nitric  ^cid 
at  30  degw  are  poured  upon  it  and  boiled  for 
fome  moments :  this  fecond  operation,  which  is 
intended  for  taking  away  all  the  (ilver  from  the 
gold,  is  called  the  reprife.  The  acid  is  again 
decanted  with  caution,  in  order  to  preferve  the 
cornet  of  gold  entire ;  the  cornet  \vhich  has 
become  very  thin  and  perforated  with  many 
holes,  is  then  waflied  with  pure  water;  it  is  after- 
wards made  to  fall  with  water,  (the  niatrafs4)e- 
ing  cautioully  turned)  into  the  bottom  of  a  fmall 
crucible,  in  order  to  favour  the  Aiding  and  fal- 
ling down  of  the  cornet  of  gold,  along  the  fides 
of  the  matrafs,  without  endangering  its  break- 
ing; the  water  is  then  evacuated,  and  the  metal 
annealed  or  heated  to  flight  rednefs,  and  it 
refumes  its  brilliancy  and  beautiful  colour;  it 
is  then  weighed  with  very  exa6l  fcales,  and  the 
t|uantity  of  the  alloy,  and  alfo  the  standard  of 
tlie  gold,  is  determined  by  the  weight  which  it 
has  loft.  In  order  to  give  a  very  accurate 
expreffiou    of  this  ftandard,  the  quantity  of 

gold 
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gold  which  has  been  affayed,  is  divided  Into  der 
cimal  parts,  and  with  the  aid  of  very  fmall 
Weights,  the  flighteft  lofs  that  has  been  fuftain^d 
is  known.  Foruievly  this  mafs  of  gold  to  be 
affayed  wasfiip^jofed  to  be  divided  into  twenty* 
foxu  parts,  which  were  called  carats,  and  each 
part  into  thirty -two  others,  Avhich  were  called 
thilty-feconds  of  carats.  The  carat,  in  tjie  effec- 
tive weight,  which  was  called  in  YrenchJimeUey 
was  on^  grain  mark- weight ;  fo  that  the  thirty- 
fecond  of  a.  carat  was  a  thirty-fecond  part  of 
a  grain.  Sometimes-  the  carat  reprefented  only 
half  a  grain  in  the  weight  called  demi-femtlle^ 
in  which  cafe  the  thirty-fecond  of  a  carat  was 
only  a  fixty-fourth  of  an  effeciive  grain. 

43.  Some  chemifts  hav^e  thought  that  in  the 
parting  affayof  gold  alloyed,  with  filver,  a  little 
gold  was  diljblved,  as  feem^d  to  be  announced 
by  the  depp  purple  colour  of  the  cornet  which 
sremains;  but  it  ha^  been  afcertained  that  this 
quantity  is  fo  fmalj  that  it  cannot  be  a  matter 
of  intereft  or  alarm  in  commerce :  I  fhali 
return  to  this  faft  in  another  place  in  the  hiftory 
of  the  treatment  of  gold  by  the  aci<l.s.  Several 
iable  aflayers,  efppcially  Cramer,  Schindler,  and 
3ch.lutter,  have  thoughf,  th^t  the  cornet  of 
gold  of  the  parting  affay,  retains  a  fmall  quan- 
tity of  fdver,  which  they  have  called  Hinter- 
halt,  or  fii,rcharge ;  tjellot,  Macquer,  and  Til- 
let,  on  the  contrarv,  affirm  that  it  does  not 
(Contain  any  fenfible  quantity  of  it.  Citizen 
gage,  however^  fays,  that  the  gold  of  the  pait- 
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ing  aflay,  diflblved  in  thev  nitro-muriatic  acid, 
always  precipitates  after  fome  hours  a  fmall 
quantity  of  muriate  of  filver. 

44.  In  the  parting  operation,  upon  the  large 
fcale,  the  fame  precautions  are  not  taken  as 
in  the  parting  aflay,  becaufe  it  is  not  the  exaft 
proportion'  of  the  two  metals  which  is  wiflied  to 
be  afcertained,  but  only  to  obtain  the  gold  refined 
and  pure.  We  are  content  with  cafting  the  gold 
alloyed  with  filver  into  fniall  portions  or  grains, 

'  l^nd  putting  it  into  matraffes  with  flat  bottoms^  or 
even  into  bottles  of  ftone-ware  ;  then  pouring 
upon  it  twice  or  thrice  its  weight  of  nitric  aci^ 
fet  38  or  40  degrees ;  heating  it  over  a  gentle 
fire;  and  decanting  the  liquor  when  the  figus  of 
folution  have  ceafed,  that  is  to  fay,    the  mo* 
tion  of  effervefcence  and  the  difengagemcnt  of 
nitrous  gas  ;  then  pouring  on  a  new  fmall  quan- 
tity of  acid,   Avhich  is  boiled,   upon   the  refi- 
duum ;  re-commencing  this  ebullition  a  thiid 
time  with  a  third  addition  of  acid,   in  order  to 
be  certain  of  carrying  off  all  the  filver  ;  waihijig 
the  gold  feveral  times  with  much  water;  andlaft- 

-Jy,  fufing  the  gold  which  remains  at  the  bottom 
of  the  veflels  in  the  form  of  powder  and  of  deep 
purple  fragments,  in  crucibles  in  which  a  little 
jiitre  is  thrown :  this  is  what  is  called  parted 
gold.  It  is  in  this  operation,  which  confti- 
tutes  the  refining  of  gold,  that  the  pure  fil^ 
ve?  is  ^t  the  fapie  time  prepared,  which  is 
alfo  known  by  the  name  oi parted  Jilver.    In 

jorder  to  obtain  it,  the  nitric  acid  proceeding 

from 


OOL0*  il9 

from  the  parting  and  the  waters  of  the  lixivia- 
tian  of  the  gold,  are  poured  into  diflies  of  ftone- 
ware ;  the  liquid  is^iluted  with  a  large  quantity 
of  Arater;  a  plate  of  copper  is  plunged  into  it, 
and  fufFered  to  reniain  for  forty-eight  or 
fixty  hours:  the  blue  liquor,  or  the  folution 
of  copper,  which  has  been  formed,  is  then  de- 
canted; the  metallic  filver  depofited  by  the 
copper  in  fraall  cryftallized  and  brilliant  grains, 
is  wa&ed  with  a  large  quantity  of  water;  it  is  x 
ignited  again  in, order  to  obtain  what  is  impro- 
perly termed  Jilver  in  caLv^  or  it  is  fufed  and 
€olle6ied  with  the  aid  of  tiitre,  which  alfo 
^lifies  it,  in  order  that  it  may  be  caii  into  in-^ 
gots.  The  blue  liquor,  or  the  nitric  folution 
which  refults  from  this  precipitation  of  the 
Bitrate  of  filver  of  parting,  is  particularly  em^ 
pkKfed  in  England,  in  the  preparation  of  verditer 
by  its  mixture  with  flaked  lime  :  it  has  evea^ 
been  pretended,  that  it  fucceeda  better  than  the 
ftmple  immediate  felufiou  of  copper,  which  ha« 
been  attributed  to  a  fmall  quantity  of  filver 
ipemaining  in  it ;  but  thi^  erroneous  notioa 
has  been  confuted  by  the  expdriments  of 
Pelletier.  .  ^ 


♦r 


G.  A3ion  upon  Water  and  the  Oxides. 

■  45,  It  isf  well  afcertained  that  there  is  no 
*SionbetWeeti  gold  and  water ;  and  the  attrac- 
tion of  this  metaj  for  oxigeh  is  too  feeble  for  it 
to  be  capable  of  taking  it  away  from  the  hidro- 

'  gen. 
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gen.     There  is,  however,    one  cafe  in  "which 
gold  appears  to  unite  with  the  oxigen  of  water, 
but  without  its  attraftion  for  this  principle  be- 
i4ig  the  caufe  which  determines  its  decompo. 
iition,  or  the  feparation  of  the  oxigen  and  the 
hidrogen  :  I  mean  that  in  whTch  thefe  two  bch 
dies  are  iexpofed  at  the  fame  time  to  the  ekdric 
commotion.  It  has  been  believed  for  ibme  time, 
after  the  brilliant  experiments  of  Citizen  Van 
Marum,  upon  the  inflanimation  of  the  metal)! 
by  this   commotion,    that  this    inflamnfiation 
might  take  take  place  in  vacuo,  ^  or  in  other 
gafes  befide  the  atmofpheric  air.  :  i  This  phetich 
nienon,  which  feemed  to  be  weH  verified,  had 
even   been*  addud^d   as  a    fpecioiis    objeftion 
againft  the  French  or  Pneumatic  ddftrine,  whca 
it  was   foori    difcovered  that  the    water   was 
decompofed  by  the  ele6lric  fpark,    and  fepa- 
yated  into  its  two  gafeous  elements  :  thencefor- 
w'ard  there  was  no  longer  any  /oUfciirity  iiitbc 
(Sxperimeiits '  by  which  the'  inflaiHiriatidn  and 
oxidation  of  filver,  of  gold,  and  of  many  other 
metals,  in  vacux),  or  without  oxigen  gas^  .was 
thought  to  b€(  effcfted.     It  was  perceived"  that 
the  watef  in  vapour,  diflTolyed  in  the  gafes,  and 
decompofed  by  the  electricity,  afforded  to  thefe 
metals  the  oxigen  which  they  requii:ed  ip  order 
to  burn  ;    and  fo  far  from  remaining  an  objec- 
tion againft  the  pneumatic  qherpiftry,   thisph^ 
nomenon,"  when  well  underftood,  be^qip^Sr^pnO' 
of  the  ftrongeft  proofs,  oneSf  the  mqft  fubftan- 
tial.bafea  of  thi^  doQrihe  whole  ivalidity  is  no? 

eft^bliih^i 
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eftabHflied.  There  is  reafon  to  believe  that  it  ia 
by  -a  fimilar  .pre-difpofing  :attra6tion,  and  with 
the  aid  of  the  previous  decompofition  of.  the 
\vater,  that  the  alkaline  fulphurets  fo  eafily  ox-^ 
jde  and  diffolve  gold ;  a  folution  and  oxidation 
which  hitherto  it  has  been  impoffible  to  compre-* 

'  bend  and  explain. 

•46-  Gold  has  no  dired  a6lion  upon  the  me-m 

.  t:afllip  x>xides;  far  from  being  .able  to  change 
them,  and  deprive  them  of  the  jOxigen  which  i$ 
imited  with  them,  the  oxide  of  gold  on  the 
cotitrary  yields  its  own  to  all  the  other  met 
tals;;  accordingly  M'^  fee  thefe  quickly,  and 
B^re  or  kfs  completely,  deprive  it  of  ^his  pria-^ 
cifjj^,^  and  caufe  the  gold  to  appear  4gain  in  ita| 
l^rijiiantyaiid  metallic  form,  as  takes  place  in,  it* 
f(?iutions.  It  is  npt  even  neceffary  for  this  pur-^ 
pofeih^f  the  greater  part  qf  thete  metalf,.thofa 
efp.eciplly  which  are  very  greedy-  of  roj^igea  and 
iufceptible  of  abforbing  a  large  quantity  of  it, 
HiQHJd  be  themfelvejs  in  the  metallic  ftat^ ;  it  is 
Qfte;Q  fuflficient  tj^at  .they  only  are  pot  com- 
pletely, fet^urated,  with  it^.as  we  obferve.in  tin, 
yron,  ,a^]id;  lead:^  in  prderthat  they  may  be  a^ble 
^0  Jtqjke  frpra  {t.eit^ej  ,tl)p  ^yhple  or  qnly  apart 
of.  tjiai  .whicl;i'  |s  united  *  with  it.  We  itall.  fqojx 
gxj^ibjtjfi^yeral ex^mplej^ o^f  th^feintcKefting  ef-^ 

^^  >  J^^FP:^^..^)%)9^%s^  Ayhic.h  tjhe.  oxide 
of  gpW,  '^ring  tcpljy.f  pofJiQB.Qf  its  ,oxigp.A 
Vitfe ; Qt;j[\€iij^c]L^l\Q , ftFflps,. I ?;eipain?  w j tb: them 
H\  ftQi»bwatioii§.  ¥jl?^^b,.T^  i^olpnr^  >vith  different 
fl^?^f.^f§i^  .^  J^  in  fp?ak^ 
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ing  of  the  compofition  of  enamels,  of  c(h 
loured  glaffes,  and  of  the  glazing  of  fine  pot* 
teiy. 

• 

H.  ASlion  upon  the  Acids. 

47.  There  is  a  great  difference l>et ween  gold 
and  filver  in  the  manner  in  which  the  fi<*ft  refifts 
inoft  of  the  acids,  whilft,  as  we  have  feen  in 
the  preceding  article,  filver  is  eafily  oxidated 
and  diffolved  by  federal  of  them*  The  md^ 
concentrated  fulphuric^  acid,  affifted  by  the 
firongeft'  heat,  the  fulphiireous  ^icid,  the  muri- 
atic, the  ph6fphoric,  the  fluoric,  or  any  other  acid, 
hkrtnb  a6lion  upon  gold,  however  long  we  may 
l^Ave  them  in  contafl;  with  it,  and  in  whatever 
manner  we  may  treat  it;  there  Jtre  only  the  nitric, 
the  tiiti^-muriatic,  and  the  oxigenated  iiiuriatie 
acids,  whibh  have  either  a  flight  or  a  ftroiigf 
aftiin"  upon  this  metal. 

48.  It  was  Bratrdt  who  difcovered,  -in  fome 
frieafure  by  chance,  and  by  endeavouring  to  cf- 
feft  the  parting  of  gold  and  filver  by  the  con- 
centrated nitric  acid,  poured'feveral  times  fuc- 
ceflively,  djftilled  to  dtynefs,  and  Boiled  ujxW 
the  gold  which  remained  after  the  filvef,  that 
the  firft  of  thefe  metals  wii  diffolved  and  gate  a 
fewn  colour  to  the  actd,  till  there  was  more 
gold  than  filver  diflblved^'ih  the  laft  portidJi 
of  acid  that  was  added,'  fihcfe  the  propbrtiQH  of 
the  i^rft'Wds^to  that  of  the^  fi^dnd  as  titnetelcwfo 
twetvi. '  *  This"  eixjifennieiit  #aj  feveral  timeist  rt- 

peated 


peated  befoFje  the  Sw^diih  Academy,  and  con** 
ftantlx  with/the.  fuccefs  which  the  author  had 
announced.  The  nitric  acid  was  very  purej 
the  gold  was  precipitated  in  the  metallic  and 
fpongy  ftate  by  filver  which  he  imraerfed  id 
it.  Lewis,  in  quoting  this  refult,  attributes  it 
tp  the  extreme  concentration  of  the  acid  pufhed 
to  drynels :  SchefFer  and  Bergman  have  cot^ 
firmed  it.  However,  it  has  beefirafcertainedm 
France,  even  by  the  experiments  bf  Citizea 
Sage,  who  had  concluded  that  in  the  parting 
the  gold  was. a  little  attacked^  that  this  folutio4 
is  very  weak;,  that,  in  general  the  gold  loft 
but  very  little  of  its  weight ;  that  when.it  .iliras^ 
in  a  mafs  it  was  fcarcely  attacked  ;  that  in  the 
ilate  of  a  thin  plate,  or  a  fine  powder,  it;  \fai; 
more  fo ;  that  it  then  affumed  a  deep  pur* 
pie  colour;  that  the  eonfiderable  folution  an^ 
nbunced  by  Brandt,  proceeded  only  from  the 
concentration  of  the  acid  almoft  tP  drynefe, 
and  that  nothing  fimilar  took  place  in  the  part- 
ing  operation.  Citizen  Deyeux  has  fince  made 
another  interefting  obfervation  on  the  folubility 
of  gold  in  the  nitric  acid  ;  namely,  that  this 
acid  diffolves  it  fo  much  the  better  in  propor*- 
tion  as  it  contains  more  gas,  or  rather  a  larger 
quantity  of  nitrous  oxide,  and  that  it  then  a6ls 
upon  this  metal  like  a  kind  of  nitro-muriatid 
-acid,  its  true, fol vent,  as  I  fhall  ihortly  fliowi 
Tillet,  who  would;  not  believe  in  the/folubility 
of  gold  in  the  acid  of  nitre,  thought  that  xht 
fc)fs  of  \y^ight  which  this  metal  Offered  Jn  thif 

acid 
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acrd  wai^nly  the  confequence  of  a  mechanical 
effed:,.  that  the  gold  was,  as  it  were,  ralped  or 
filed,  by  tiie  adiod  of  the  acid,  and  that  it  was 
only  fufpended  in  it  inftead  of  being  diffolved; 
butthe  fa6ls  which  he  adduced  in  proof  of  his 
alf^rtion  evidently  demonftrate   the   contrary. 
The  nitric  fdutibn  of  :gold,^expofed  to  the  light 
«if  the  fun,  isin  fa6l  decompofed,  and  we  fooa 
lee '  fmall  -  lametlas  of  Ihinriig  gold,  which  the 
j(rotita^  of  the  light  has  difoxidated.     This  fo- 
Jjition,  when' filtrated,  leaves  upon  paper  a  vio- 
let-coloured mark  which  indicates  the  oxidaftron 
^f'the "gold; 'the  alkalis  precipitate  from  it  a 
#^arl  oxide;  and  a  plate  of  tih,  as  well  as  a  plate 
irf^  filv^r  or:  running   mercury,     alfo    caufe  a 
JAItpte  po\rdef  to   be  depofited  in    it.     Other 
Experiments  upon  this  fubjefl:  have  Ihown  me 
-that  gold  in  fragments,  or  in   thick   plates,  as 
wdl  a^  in  leaves,  is  diflblved  by  the  nitric  acid 
furcharged  with  nitrous  oxide,  and  that  the 
oxidation  which  the  gold  fuffers  is  owing  to 
this  nitix^us  oxide ;  that  it  is  this  which  yields 
oxigen  to  it  as  being  more*  decompofable  than 
the  nitric  acid;  that  it  is  on  this  account  that 
the  acid  lofes  its  colour  on  being  agitated  upon 
gold ;  that  this  folution  is  better  efFeded  in  the 
cold  than  with  the  aid  of  heat,   becaufe  the 
iieatdifengages  the  nitrous  gas ;  that  in  propor- 
tion as  the  gold  is  oxided  and  diflblved  in  the 
acid,  this,  after  having  been  firft  rendered  colour- 
4efs,  afterwards  re-affuiiies  an'drange  colour;  that 
tilers  is-then  forined  a  redl  nitrate  of  gold  with 
^   '■  '  excels 
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exCefs'of  -.acid;  *:wlii.ch''cannof  be  bbtamed 
cryftallizedj  aiid,  is  .decotnpofed  by  heat  and 
light;  that"  this  nitrate  of.  gold  tin  folution  i$ 
decomppfed  by  the  milriatic  acid,,  which,  at  the 
moment  when  it  is  added,  caufes  the  colour  of 
thef  folution.  to  pafs.  from  the  orange,  te  .  the 
pure  yellow:  thus  the.  muriatic  acid  has  more 
attraftionfor  the  oxide  of  gold  than  thfeixitrio 
acid  has^  ,H 

49*  rrhe  muriatic  acid  has  no  a6tion  eithef 
tipon  gold  or  upon  its  purple  oxide ;  but  the 
oxigenated  muj*iatic  acid  oxides  it  very  quickly 
and  diffolves  it.  As  foon  as  a  plate  or  leaves  of 
gold  is  immerfed  into  oxigenated  muriatic  acid 
gas,  the  gold  becomes  dull,  without,  however 
pafling  into  the  violet  colour,  but  quicklj  arrives 
at  the  ftate  of  fawn-coloured  or  yellowifli  oxide; 
for  it  is  only  in  this  fecond  ftate  of  oxidation 
that  gold  is  foluble  in  the  acids  and  capable  of 
forming  falts  with  them.  When  it  has  become 
thus  yellowifli  by  union  with  the  oxigen, 
the  muriatic  acid,  by  the  aid  of  the  water 
contained  in  the  oxigenated  muriatic  acid  ga.?^. 
is  condenfed  into  yellow  drops  which  run  down 
upon  the  fides  of  the  veffel  in  which  the  experi- 
ment has  been  made.  If  a  little  water  be  added 
we  obtain  a  complete  folution.  Wlien  we  throw" 
gold  highly  divided,  and  in  leaves,  into  liquidr 
oxigenated  muriatic  acid,  this  metal,  by  the 
flighteft  agitation,  difappears,  is  diflblved  with^- 
out  motion  and  without  eftervefcence,  imparts'- 
.  to  the  liquor  a  beautiful  yellow  colour,  and  ia< 

turates 
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turates  it.  If  there  be  fili^rer  in  the  gold,  the 
fmalleft  quantity  of  this  mixture  become 
perceptible  in  this  experiment,  as  there  is  form- 
ed a  fmall  quantity  of  muriate  of  filver,  which 
is  depofited  in  fmall  flakes.  I  hare  conftantly 
found  a  little  filver,  and  fometimes  even  a  lar- 
ger proportion  than  fhould  have  been  expefted, 
in  the  leaf-gold,  in  "books  which  are  purchafed 
from  the  gold-beaters.  I  have  alfo  found  this 
to  be  a  very  good  means  for  afcertaining  whe- 
ther tjhe  gold  of  the  parting  retained  any  fiivcr. 
This  folution,  which  was  difcovared  by  Scheclc, 
is  performed  without  any  difengagement  of  gas, 
becaufe  the  gold  finds  the  oxigen  almoit  infu- 
lated,  and  does  not  require  to  feparate  it  from  any 
other  body  fafceptible  of  affuming  the  gafeous 
form ;  moreover,  it  is  perfeflly  fimilar  to  that 
which  is  made  with  the  nitro-muriatic  acid,  or 
in  the  ordinary  mjjinner :  like  this,  it  is  acrid 
and  cauftic,  tinges  organic  fubftances  with  a 
purple  colour;  it  affords  cryftals,  and  is  preci- 
pitated in  a  purple  form  by  tin,  and  into  ful- 
minating gold  by  ammonia. 

50,  Whenever  the  nitric  acid,  which  diffolvtt 
gold  only  with  diflftculty  and  in  very  finail 
quantity,  is  mixed  with  muriatic  acid,  which 
never  diffolvfes  it  alone,  the  cona pound  that 
refults  from  the  mixture  attacks  the  gold  with 
an  adlivity  and  energy  which  mufl:  have  greatly 
aftoniihed  chemifts  before  its  real  caufe  ww 
known.  Accordingly,  in  confequerice  of  tic 
precedence  and  fuperiority  which  they  attri-* 
i  tributcd 


l^Uted  to  goJ4  whioH.ith€(y,  ;dierf fare,  called  thq 
king  of  fneUla,  they  had  granted ,ano^her  nam^ 
tio  the  liquid  thajt  .vi^Ss  capable  of  diflblving  it/ 
mid  which  they  thought  to  be  exclufively  ade- 
quate :to  produce  this  efFe^,     It  has.  already 
lieien  feen  that  the  oxigenated   muriatic. acid 
produces  the  fame  falyent  a6tion   upon  gold; 
Wid  that  even  the  nitric  acid  partakes  of  it, 
though  in  n  lefs  marked  degree.     In. order  tQ^ 
afford  a^clear  idea  of  the  afilion  of  the  iiitrp-* 
muriatic  acid,  I  ihall  firft  obferve  that  the  mu- 
riatic acid,  faturated  with  nitrous  gas,  which 
it  eafily  abforbs,  becomes  equally   capable   of 
^iffolving  gold,  though  nitrous  gas  alone  and 
iimriatic  acid  alone  cannot  a6l  upon  this  metal; 
9iMd  as,  at  the  moment  when  this  nitrous  mu- 
iria^tic  acid  attacks  tlie  gold,  it  lofes  the  orange 
CjQIouj:  which  it  had  acquired  by  the  abforptioi^ 
of  the  citrous  gas,  it  is  evident,  that  this  oxide 
9f  azote  i^  decompofed,  that  it  yields  its  oxigen. 
to  the  gold,  that  its  azote  is  feparated  from  it,. 
^Oiid  that  this  decompofition  which  oxides  th© 
gold  t^kee  place  only  by  the  difpofing  attra6J;ion. 
which  the  muriatic  acid  exerts  uponthe  me* 
t^llie  i^Hid^t    This  fa6i,  which  had  not  yet 
heeri .  lobferv^ed  by   chemifts,  will  ferve  me  to 
^Kplain  the  aftion  of  the  nitro-muriatic  acid, 
upon  this  naetal.     When  we  mix  nitric  aci4 
j|q4  muriatic  acid,  the  latter  takes  away  oxigei^ 
l^om  the  former,  and  efcapes  in  part  in  oxigi^n* 
ated  Ui^riatic  acid,  diftinguifliable  by  its  yellow: 
colour  and  ita  fipollf  it  only  effeSs  thia  cLeccmn 
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pofition  until  the  nitric  acid  is  faturated  with 
nitrous  gas :  there  its  aftion  upon  it  ceafes ;  fo 
that  the  mixed  acid  which  refults  is  only  a 
mixture  of  muriatic  acid  and  of  nitrous  acid 
faturated  with  its  oxide,  frequently  retaining  a 
fmall   quantity   of  oxigenated   muriatic  acid| 
having  an  exalted  red  colour  on  account  of  the 
nitrous  oxide  which  it  contains.     This  mixed 
acid  is  generally  made  by  mixing  two  parts  of 
nitric  acid  atid  one  of  muriatic :   I  have  found 
that  it  is  fufficient  if  wc  take  equal  parts  of  thefe 
two  acids.     It  is  well  known  that  an  analogous 
liquor  is  obtained  by  diffolving  muriate  of  foda 
or  of  ammonia  in  nitric  acid,    or  nitrate  of 
pot-afh  in  muriatic  acid,  or  by    diftilling  the 
latter  in  the  acid  of  marine  fait,  and   that  ia 
whatever  manner  we  combine  thefe- two  acids 
tvith  each  other,  there  is  always  a  mixed  acid 
Capable  of  diflblving  gold.     .However,  there 
are  two  improvements  to  be  made  in  the  procefi 
of  diffolving  gold  by  the  nitro-muriatic  acid; 
the  one  is,  to  employ  only  one  part  of  nitric 
acid,  inftead  of  two,  to  one  part  of  muriatic; 
the  other,  not  to  make  the  mixture  before  dif- 
folving the  gold ;  for  when  this  mixture  is  made 
beforehand,  the  portion  of  oxigenated  muriatic 
acid  that  is  formed  is  diflipated,  and  this  is 
fo  much  lofs  for  the  folution  of  the  <r6ld.    I 
therefore  prefer  tb  throw  nitric  acid  upon  the 
gold,' and  afterwards  to  add  an  equal  part  of 
xnuriWiG  acid ;  the  latter  acid  then,  in  propor* 
tidxias  it  takes  away  oxigen  fi^om  the  nitric 
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acid,  yields  it  immediately  to  the  gold  inftead 
of  its  being  diflipated  into  gas.  When  we  put 
gold  into  nitro-muriatic  acid  made  beforcr 
hand,  and  in  which  the  reciprocal  adlion  of  the 
two  acids  is  ^xhauiled,  the  muriatic  acid,  by 
virtue  of  the  ftrong  attra6lion  which  it  has  for 
the  oxide  of  gold,  caiifes  the  nitrous  oxide  to 
be  decompofed,  which  colours  the  licjuor  as  well 
as  the  acid  itfelf  by  this  metal,  and  diffolves  the 
oxide  as  faft  as  it  is  formed;  accordingly,  the 
liquor  lofes  its  orange  or  red  colour ;  it  becomes 
heated  beeaufe  a  condenfation,  an  approxima- 
tion of  molecules  takes  place  during  the  folu^ 
tion ;  nitrous  gas  is  difengaged  beeaufe  the 
gold  cannot  be  oxided  unlefs  at  the  expenfe  of 
the  oxigen  of  the  acid  of  the  nitre. 

5 1 .  This  tiitro-;nujiatic  folution  of  gold, 
when  fatiirated,  is  of  a  fine  pure  yellow  colour, 
fo  deep  and  ri-ch  that  it  is  compared  to  that  of 
gold  without  brilliancy ;  it  is  very  cauftic  and 
very  aftringent ;  it  produces  upon  the  cuticle, 
by  cauterizing  or  deftroying  it,  a  fpot  of  a 
yiplet-purple  colour,  which  becomes  more  and 
ihpre  brown  by  the  contafl  of  the  air  and 
the  lighti  and  does  not  difappear  except 
by  the,  deftrudion  and  total  falling  of^  of 
that  membrane;  it  produces  the  fame  colour 
upon  all  the  vegetable  and  animal  matters, 
upon  marble  and  even  upon  the  filiceous 
Hones,  when,  after  having  introduced  it  into 
grooves  cut  in  them  with  a  fteel  inftrument, 
we  expofe  them  to  the  rays  of  the  fun.  By 
.  Vol,  VI.  Mm  eva- 
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evaporating  this  liquor,  nitric  acid  is  difengaged^ 
and  needled  cryftah  are  obtained  of  a  yellow 
colour  refembling  that  of  the  topaz,  in  trun- 
cated odtahedrons  or  quadrangular  prifms.    But 
it  is  well  afcertained  that  the  folution  made 
with  the  two  acids  pure  and  without  bafes  fur- 
niflies  them  alfo.     We  obtain  them  with  greater 
facility  when  after  having  evaporated  the  folu- 
tion more  than  one  half,  we  add  a  little  re3;ified 
alcohol :  thefe  cryftals  acquire  a  red  colour  by 
the  contaft.  of  a  bright  light ;  they  attrad  the 
humidity  of  the  air  and  melt  fpontaneoufly. 
The  produ6l;  of  this  deliquefcence  is  the  moil 
concentrated  folution.      When   the  nitro-mu- 
riatic  folution  of  gold  is  heated  by  degrees  in 
a  retort,  there  paffes,  after  the  nitric  acid,  mu- 
riatic acid  which .  carries  over  gold,  and  even 
reddifh-yellow  cryftals  of  muriate  of  gold;  the 
highly  coloured  nitro-muriatic   liquor  which 
rifes  at  the  fame  time  was  called  Red  Lion  by 
the  alchemifts.     By  evaporating  the   folution 
to  drynefs,  a  dry  muriate  of  gold  is  obtained, 
which  may  be  reduced  by  a  ftrong  firc^  an^ 
leaves  dudile  gold  after  having  afforded  oxigen 
gas.     It  has  been  well  afcertained  by  Bergman 
and  feveral  other  modern  chemifis,    that  the 
fait  extracted  from   this  liquor  is    only  mu- 
riate of  gold,  not  nitro-muriate  as  had   been 
believed/    I  have  already  remarked-  that  the 
muriatic  acid  decompofes  the  nitrate  of  gold: 
it  is  eafy  to  ^conceive  that  we  ought  equally 
to  form  a  muriate  of  gold  by:  heating  this  mebl 
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with  a  mixture  of  alum,  and  efpecially  of  ful- 
phate  of  iron,  of  nitre  and  of  marine  fait : ,  ac- 
cordingly this  mixture,  or  others  analogous  to 
it,  are  frequently  employed  for  taking  off  the 
^old  from  the  furface  of  old  gilt  copper. 

53.  The  muriate  of  gold,  fo  diftinguifliable  by 
its  form,  its  colour,  the  purple  tinge  which  it  im- 
parts to  the  organic  mattei-s,  is  very  foluble  in  wa- 
ter. Phpfphorus  decompofes  it  in  the  humid  way^ 
and  feparates  the  gold  from  it  in.a  reduced  ftate. 
Hidrogen  gas  equally  feparates  the  gold  from  ifc 
If  we  immerfe  into  its  faturated  folution  a  ftick 
of  phofphorus,  it  becomes  covered  with  a  dudile 
cylinder  of  gold  which  may  be  feparated  from 
it  by  melting  the  phofphorus  which  it  envelops 
in  hot  water.  Burning  fulphur  and  fulphureous 
acid  decompofe  it  very  rapidly.     If  we  pour 

.  liquid  muriate  of  gold  gently  into  fulphureous 
acid,  a  fine  pellicle  of  gold  is  formed  at  its  furface^ 
and  gold  is  immediately  precipitated  in  fmaU 
cryftalline  grains.  Mrs.f  Falhame,  an  Englifli 
lady,  has  employed  thefe  precipitations  of  gold 
by  phofphorus,  hidrogen  gas,  and  burning  ful- 
phur to  gild  ftuiFs  impregnated  with  the  nitro- 

r  muriatic  folution  of  this  metal.  She  has  alfo 
applied  it  to  form  gilt  traces  upon  geographical 
charts,  and  has  produced  a  kind  of  gilding 
.which  may  be  ufeful  in  a  variety  of  cafes.  She 
has  remarked,  that  this  precipitation  does  not 
take  place  in  the  folution  of  gold,  nor  in  thofe 
of  filver  and  lead,  unlefs  they  be  in  the  liquid 
ftate:  and  that  it  is  not  equally  effefted  with 
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the  folid  metallic  falts.  .Mrs.  Fulhame  has 
not  been  equally  happy  ih"^  the  explanation  of 
this  facl  to  raife  a  theory,  which  is,  in  reality, 
ufelefs  and  fuperfluous,  as  to  the  neceffity  of 
the  water  with  regard  to  a  pretended  decom- 
pofiri'  n  of  that  liquid.  This  theory  was  not 
neceflary,  becaufe  it  is  very  eafy  to  conceive 
the  influence  of  this  condition  of  liquidity  in 
the  metallic  falts,  to  divide  them  by  prefenting 
more  furface  and  to  fix  the  reducing  gafes 
between  their  particles.  The  hidrogen  phof- 
phoreous  and  fulphureous  gafes  produce  the 
fame,  efFe6ts  on  the  folution  of  muriate  of  gold 
The  alkaline  fulphurets  and  hidro-fulphurets 
precipitate  it  in  the  form  of  a  fulphurated 
oxide  of  gold,  eafy  to  be  decompofed  by  heat,  on 
account  of  the  flight  adherence  of  the  fulphur 
and  the  oxigen  to  the  gold. 

53.  All  tlie  earthy  and  alkaline  fubftances 
poflefs  the  property  of  decompofing  the  muriate 
of  gold,   and  precifBtating  from   it  a   yellow 
oxide  of  gold,  M'hich  is  the  extretne  of  the 
oxidation  of  this  metal,  fince  it  contains  nearly 
0,10  of  oxigen.     It  is  obferved,  however,  the 
fixed  alkalis  precipitate  it  flowly,  and  with  dif- 
ficulty :  and  that,  if  a  greater  quantity  than  is 
neceflary  be  employed,  the  precipitate  is  re-dif- 
folved,  and  imparts  a  reddilh  colpur  to  the  li* 
quor.    This  folution  of  oxide  of  gold  by  the 
fixed  alkalis,  is  the  reafon  that  the  precipitation 
is  flow  and  difficult:  triple  falts  are  formed, 
whicli  have  not  yet  been  examined.     The  oxide 
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of  gold  thus  precipitated  becomes  purple  by 
expofure  to  light.  Bv  the  action  of  caloric  it 
is  reduced  to  very  pure  gold,  giving  out 
oxigen  gas.  The  fulphuric,  nitric,  muriatic, 
.fulphureous,  phofphoric,  and  fluoric  acids  dif- 
folve  ity  or  unite  with  it  eafily,  while  they  do 
not  aft  on  the  purple  oxide :  which  proves,  that 
the  oxidation  of  gold  into  a  yellow  powder  im- 
parts to  it  much  mor^  oxigen,  than  its  oxida- 
tion into  a  violet  or  purple  powder,  and  that 
the  firft  oxide  alone  is  foluble  in  acids;  while 
the  purple  oxide  cannot  combine  with  them. 

54.  The  moft  remarkable  precipitation  of 
gold,  is  that  which  is  effefted  by  ammonia. 
This  produces  the  Angular  compound  which 
has  been  called  julminaiing  gold,  which 
viz&  difcovered  long  before  the  ammoniacal 
oxide  of  filver;  but  its  real  nature,  and  the 
aaufe  of  its  fulminating  property,  remained  un- 
known, till  Citizen  BerthoUet  made  public  the 
latter  analogous  compoiftid,  which  differs  from 
it  only  in  poiTeflSng  much  greater  power. 
There  is  no  chemical  produft  that  has  been  exr 
amined  fo  much  as  this.  A  fatisfadlory  notion 
may  be  formed  of  the  numerous  j-efearches 
made  by  different  chemifts  refpefting  this  com- 
pound, from  a  perufal  of  the  treatife  on  gold, 
given  in  the  firft  volume  of  Wafferberg's  Che- 
mical Inftitutes,  publiflied  at  Vienna  in  1778, 
Jn  this  will  be  found  a  very  complete,  v^ry  long, 
and  very  well  written  account  of  the  experi* 
pients  that;  were  kno^n  at  the  period  when 

that 
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that  learned  chemift  wrote.  The  very  length 
of  this  treatife  fhows,  however,  that  the  know- 
ledge of  fulminating  gold  was  not  then  com- 
plete ;  while  the  advanced  (late  of  the  fcience, 
in  confequence  of  the  pneumatic  doftrines, 
though  it  requires  much  lefs  detail,  exhibits  a 
much  more  fatisfa6lory  theory,  and  niuch  more 
accurate  ideas  of  this  compound.  A  few  lines 
here  will  fupply  the  place  of  feveral  pages  of 
Wafferberg's  treatife,  and  will  fill  up  the  nu- 
merous deficiencies  left  in  that  part  of  his  work, 
fo  interefl:ing  and  ufeful  as  it  notwithftanding 
is  to  thofe,  who  would  wi(h  to  have  a  thorough 
acquaintance  with  all  the  particulars,  and  all 
the  periods  of  the  hiftory  of  chemiftr5\  The 
precifion  I  am  enabled  here  to  employ,  and 
which  will  neverthelefs  exhibit  more  numerous 
fads  than  thofe  that  Waflerberg  has  laborioufly 
accumulated  in  his  long  article,  is  a  ftrong 
proof  of  the  advantage  of  the  pneumatic  lyftem, 
and  of  the  height  to  ^lich  the  fcience  has  been 
carried  by  the  labours  of  Frenchmen, 

55.  To  prepare  fulminating  gold,  or  anrnio- 
niacal  oxide  of  gold,  a  nitro- muriatic  folution 
of  gold  is  diluted  with  three  or  four  times  its 
weight  of  diftilled  water.  Into  this  cauftic  am- 
monia is  gradually  poured,  till  it  ho  longer 
precipitates  any  thing ;  care  being  taken  to  add 
no  more  than  is  neceffary,  as  the  excefs  will 
readily 'cliflblve  the  oxide  fufpended  in  the  li- 
quor. The  precipitate  being  carefully  wafhed, 
and  dried  on  paper  in  the  open  air,  is  to  be  put 

into 


into  bottles- flopped  with  a  piece  of  linen,  or 
fimply  covered  with  paper.  This  precipitate 
is  of  a  red-yellow  colour.  It  weighs  about 
one-fourth  more  than  the  gold  that  was  dif- 
fplved :  fome  authors  fay,  that  in  it  the  weight 
of  the  gold  is  augmented  one  third.  The  in^ 
creafe  of  weight  does  not  depend  folely  on  the 
faline  fubftances,  which  accompany  it  in  its 
precipitation,  but  likewife  on  the  oxigen, 
which  is  united  with  the  gold^  This  fulmir 
nating  precipitate  may  be  obtained  alfo  by  de- 
compofing  a  folution  of  gold  in  the  mixed  acid 
compofed  of  the  nitric  and  muriatic  by  means  of 
a  fixed  alkali ;  for  this  alkali  begins  with  fepa^ 
rating  ammonia,  which  attacks  the  muriate  of 
gold.  In  fliort,  as  often  a$  there  is  ammonia  in 
the  folution,  in  whatever  mode  it  may  have  been 
placed  there,  the  inflammable  and  detonating 
fubftance  will  be  obtained,  when  the  folution  is 
jdecompofed  by  any  alkaline  fubftance  whatevefji 
This  general  fa6i;  is  deducible  from  the  experi^ 
ments  -of  B.ergnig.n,  related  in  his  Diflertation 
de  C^ce  Auri  fulmn^nte.  Bafil  Valentin, 
who  firft  defcribed  this  Angular  preparation,  had 
already  remarked,  that  it  v/as  made  to  detonate 
equally  by  heat,  by  fridion,  and  by  percuffion. 
In  all  cafes  the  found  produced  is  much  lojuder 
than  that  of  gunpowder,  or  that  of  thp  ipulvis 
fiilminans.  Lewis  compared  the  fouj:^d  of  fulr 
minating  gold  to  the  vibration  of  a  flioijt  cord 
flretched  fight,  and  that  of  gunpowder  to  the 
fpjand  of  a  longer  and  flacjker  jcord* 
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56.  Many  unfortunate  inftanccs,  collcftcd 
in  the  memoirs  of  ac^idemies  and  periodica) 
publications^  prove,  that  fulminating  gold  de- 
tonates by  fimple  preflure,  or  by  fri6lion.  Wc 
have  an  irrefragable  piroof  of  this  iq  the  dread? 
ful  accident  that  happened  at  Citizen  Baum^'s, 
by  a  dram  of  fulminating  gold,  which  deto- 
nated in  confequence  of  fome  of  its  particles  be- 
ing rubbed  between  the  neck  of  the  phial  con- 
taining it,  and  the  glafs  ftopper ;  and  part  of 
-which  only,  that  took  fire,  burft  the  bottle  with 
a  violent  explofion,  and  with  the  fragments  put 
put  both  the  eyes  of  the  unfortunate  perfon  who 
was  ft)  imprudent  as  to  occafion  the  friftion. 
We  may  convince  ourfelves  of  it  likewife,  by 
putting  a  little  of  this  powder  on  a  piece  of 
fteel,  and  ftriking  it  with  a  hammer :  when  a 
fmall  flame  will  be  vifible  at  the  inflant  the 
detonation  is  heard,  and  the  gold  will  be 
found  reduced  on  the  fteel.  On  carefully  ex- 
amining aurum  fulmlnans,  expofed  to  the  fire 
in  a  very  fmall  quantity  on  a  plate  of  iron  or 
filver,  we  perceive  it  acquire  a  brown  colour; 
prefently  a  light  is  feen,  at  the  in{lant  when  the 
,gold  fulminates,  and  a  trace  of  very  pure  gold, 
witliout  poUfh,  remains  on  the  plate.  On  die- 
tonating  a  little  of  this  produftion  in  a  lai^ 
glafs  jar,  to  the  fide  of  which  it  has  been  applied, 
by  putting  a  burning  coal  pear  the  place,  the 
jar  will  be  found  covered  with  little  ftars  of 
gold  after  the  explofion.  Plates  of  metal  placed 
bvejr  it  when  it  detonates  are  ident^d  or  nerfo- 

rated 


COLD.  ^37 

rated  in  the  part  it  ftrikes :  they  are  likewife 
thrown  to  a  confidcrable  diftance,  and  it  is  eafy 
thereby  to  prove,  that  the  fulminating  gold 
ilrikes  the  air  in  all  diredions.  The  ele6lric 
difcharge  alfo  occafions  the  detonation  of  ful- 
minating gold, 

57.  Bergman  has  proved,  that  on  expofing 
aurum  fulminans  to  a  very  gentle  heat,  not  only 
no  detonation  is /produced,  but  it  is  deprived  of 
its  fulminating  property.  In  this  cafe  it  is 
changed  into  a  blackiih-broAVH  powder.  Tlic 
fame  thing  is  effeded  by  long  expofure  to  the 
Jieat  of  boiling  water,  or  rather  its  fulminating 
property  is  thus  diminijQied  merely,  rfbr  it  is  ne^- 
ver  entirely  taken  away  by  this  procefs.  Hellc^ 
has  obferA'ed,  that  on  placing  fulminating  gold 
between  two  cards,  a:nd  heating  it,  it  gave  but 
a  flight  report ;  and  left  a  violet  oxide  on  the 
cards.     When  fulminating  gold  is  thrown  in 

,  little  parcels  on  burning  coals,  it  frintillates 
pnly,  and  decrepitates  without  fulminating. 
The  conta6l  of  air  manifeftly  favours  its  fulmi- 

'  pation  :  and  w)ien  an  infuperable  refiftance  is 
pppofed  to  the  extrication  of  the  gas  accom- 
panying this  fulmination  in  a  veflel  of  fuffi- 
jcient  ftrength  and  well  clofed,  it  does  not  take 
place.  Thus  Birch  fliowed  before  the  Royal 
Society  of  I/)ndon,  that  fulminating  gold 
enclofed  in  a  elobe  of  iron,  and  heated 
(Irongly,  did  not  fulminate.  Bergman  veri- 
fied this  fa6^,  and  obferved,  that  gold  heated 
in  a  globe  of  thick  copper,  clofed  by  a  fcrew, 

was 
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was  reduced  without  fulminating;  He  adds, 
that  twelve  grains  of  aurura  fulminans,  thus 
treated,  yielded  a  gas,  which  efcaped  with  a 
hifling  noife,  but  without  detonation.  Citizen 
Berthollet,  by  gently  heating  the  fulminating 
precipitate  of  gold  in  copper  tubes^  the  extre- 
inity  of  which  pafl'ed  under  ^  jar  filled  with 
mercury,  obtained  ammoniac  gas,  and  the  gold 
was  reduced  to .  a  violet  oxide.  Thus  it  is 
proved,  that  a  gentle  heat,  capable  of  volati- 
lizing the  ammonia,  anH  a  powerful  refiflance^ 
fufficient  to  oppofe,  even  during  the  applica* 
tlon  of  a  ftrong  heat,  the  fudden  dilatation  of 
the  gafes  that  are  evolved  by  fulminating 
gold,  equally  prevent  the  fulmination :  in  the 
firft  cafe  ammonia  is  extricated^  and  oxide  of 
gold  remains ;  in  the  fecond  gold  is  reduced, 
though  no  detonation  takes  place. 

58.  Before  the  accurate  experiments  of  Berg" 
man,  and  particularly  before  thofe  of  Citizen 
Berthollet,  the  true  caufe  of  the  fulminatipn  of 
this  precipitate  of  gold  was  unknown.  It  wa3 
conjectured  by  the  firft  of  thefpchemifts,  and 
afterwards  placed  beyond  the  reach  of  doubt 
by  the  fecond.  On  detonating  a  few  grains  of 
fulminating  gold,  by  means  of  a  powerful  he^t, 
in  tubes  of  copper,  the  eHtremity  of  which 
paffed  under  a  jar  filled  with  mercury,  Citizen 
Berthollet  obtained  azote  gas,  a  few  drops  of 
water,  and  gold  thoroughly  reduced.  ThjB 
fulminating  gold,  compofed  of  oxide  of  gold 
and  ammonia,  undergoes  therefore   a  double 

decompoiitios 
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dccompofition  in  the  two  binary  compounds 
of  which  it  is  formed ;  the  hidrogen  of  the 
ammonia  attacks  the  oxigen  of  the  oxide  of 
gold,^  and  it  is  to  the  dilatation  of  thefe  two 
fubftanceS)  equally  violent  and  fudden,  as  well 
as  to  their  rapid  condenfation  the  inftant  they 
unite  to  form  water,  that  the  flame  and  report 
produced  during  the  decompofition  are  owing. 
The  other  principle  of  the  ammonia,  azotQ 
become  free,  is  then  extricated  in  the  ftate  of 
an  elaflic  fluid,  and  thus  contributes  to  the 
percuflion  of  the  ^ir,  and  the  fulmination; 
•while  the  gold,  deprived  of  its  oxigen,  xe-ap* 
pears  in  its  metallic  form  and  brilliancy; 
Fulminating  gold  then,  like  fulminating  filver, 
is  an  ammoniacal  oxide.  The  differences  that 
exifl  between  thefe  two  produ6lions  certainly 
depend  on  the  proportions  of  the  oxide  and 
the  ammonia  which  they  contain,  and  on  their 
more  or  lefs  condenfed  ftate ;  and  to  have 
a^  perfe6l  knowledge  of  them  nothing  mom 
remains,  than  fimply  to  difcover  thefe  differ-^ 
cnces  of  proportion,  which  render  the  firfl;  - 
much  more  fulminating  than  the  fecond. 

^  59.  This  fimple  thfcory  of  the  nature  and  pro-« 
perties  oTthe  fulminating  ammoniacal  oxide  of 
gold,  eafily  explains  the  different  means  w^hiclj 
have  been  employed  to  deftroy  its  fulminating 
property,  A  very  gentle  heat  produces  this  ef-» 
fe^  by  volatilizing  the  ammonia,  and  reducing 
the  compound  to  the  ilate  of  fimple  oxide.  A, 
very  powerful  refiftance  to  the  development  of 

its 
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its  principles  in  the  gafeous  date,  oppofes  its 
detonation*  Long  boiling  in  water  does  not 
anfwer  this  purpofe,  notwithftanding  the  affer* 
tion  of  fome  chemifts,  as  is  pofitively  proved 
by  the  experiments  of  Berjgman,  who  boiled 
fulminating  gold  in  fix  hundred  parts  of  water, 
twice  following,  and  for  an  hour  each  time; 
but  its  fulminating  property,  far  from  being  di- 
miniflied,  was  increafed  by  thi§  operation.  This 
proves,  that  the  compound  is  by  no  means  fo* 
luble  in  water,  and  only  yields  to  it  the  foreign 
and  faline  matters  mixed  with  it,  which  arc 
more  or  lels  detrimental  to  its  fulminating  pro^ 
p^rty.  On  the  contrary,  any  dry  fubftance  in- 
terpofed  between  the  particles  of  fulminating 
gold,  prevents  it  from  detonating,  or  diminiftes 
its  fulmination,  by  feparating  its  particles.  It  is 
not  true,  as  many  chemifts  have  afferted,  that 
acids  in  general  liave  the  property  of  deftroying 
its  fulminating  quality;  for  Bergman  has  found, 
that  notwithftanding  digeftion  in  them,  fulmi- 
nating gold  retains  it<  charafteriftic  prpperty; 
and  particularly,  that,  if  intirely  diffolved  in 
piuriatic  acid,  and  preqipitatcd  from  it  by  pot- 
fafb,  it  recovered  it  as  before.  We  may  fucceed 
in  divefting  it  of  this  property,  however,  if  vc 
digeft  it  in  acids  fever^-l  times  fuccelfively,  and 
waih  it  each  time  with  a  large  quantity  of  wa- 
ter. By  thefe  means  feveral  acids,  even  reduce 
it  to  a  purple  oxidcj^  or  to  metallic  gold.  Al- 
kalis mixed  with  it  by  a  light  and  gentle  tritu- 
f  ation  Angularly  diminilh  its  detonating  quali^. 
■    •     .    '  "    ■ If 


'  ooLP,  541 

If  they  be  digefted  with  water  on  fulmi- 
nating gold,  they  take  from  it  this  quality 
intirely  ;  but  the  adion  of  a  flow  heat  contri-^ 
butes  much  to  this  effeft.  But  all  thefe  ex- 
periments muft  be  made  with  caution  and  the 
J}rodti6ls  mufl:  afterward  be  tried  in  very  fmall 

quantities.  Sulphur,  and  ever;  oils,  have  the 
power  of  depriving  gold  of  its  fulminating  prO'- 
perty  ;  and  it  is  obvious,  that  this  is  owing  to 
their  feparating  from  it  the  ammonia  and  re- 
.ducing  the  oxide,  as  in  the  experiments  firft 
quoted  :  accordingly  the  gold  then  refumes  its 
metallic  form.  - 

60.  The  muriate  of  gold,  or,  the  folution  of 
gold,  which  I  have  proved  to  be  in  fa6l  nothing 
but  this  fpecies  of  fait,  is  decompofed  by  moft 
of  the  metallic  fubftances,  which  have  a  ftronger 
affinity  for  oxigen  than  gold  has.     Bifmuth, 
zinc,  iron,  lead,  copper,  filver,  and  even  mer- 
cury, have  efpecially  this  property  ;  it  is  occa- 
Conally  employed  with  advantage  to  Cover  fome 
of  thefe  metals  with  a  coat  of  gold :  others  of 
them,  however,  as  lead  and  filver,  feparate  it 
only  in  the  ftate  of  purple  oxide.     It  is  on  the 
principle  of  the  firft  of  thefe  phenomena,  the 
Vedufclion  and  precipitation  of  gold  reduced  by 
metals,  that  the  brafs  wheels  ufed  in  watch- 
work  are  gilt.     But  no  one  of  thefe  precipita- 
tions is  fo  fingular,  or  has  more  engaged  the  at- 
tention of  chemifts,  than  that  which  is  effeded 
by  tin.     In  this  again  we  Ihall  find  a  proof  of 
the  advantage  of  the  pneumatic  fyftem,  which 

4  alone 
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alone  has  been  fufficient  to  remove  all  the  diffi* 
eulties,  whether  pra6lical  or  theoretical,  with 
which  this  chemical  operation  was  befet:  be-, 
fides,  in  the  explanation  refpeQ:ing  it,  this  fyf- 
tem  difpenfes  with  all  the  details,  which  were 
formerly  neceffary  to  be  given,  concerning  the 
preparation  afforded  by  the  precipitation  of 
gold  efFe6ied  by  means  of  tin.  Caffius  was 
the  firft  who  defcribed  this  preparation  with 
care,  though  it  was  known  before  his  time,  and 
mentioned  in  feveral  chemical  works,  particu- 
larly in  thofe  of  Bafil  Valentin,  Erxleben  has 
given  a  very  minute  differtation  on  this  fubjeft; 
but,  notwithftanding  the  numerous  and  ufefiil 
experiments  with  which  it  abounds,  tlie  fubjeS 
was  far  from  being  properly  elucidated,  before 
Pelletier's  experiments  on  the  two  ftates  of  the 
muriatic  folution  of  tin,  which  has  diilipated 
all  the  obfcurities  in  which  this  procefs  was  ftill 
involv^ed. 

61.  When  a  plate  of  tin  is  put  into  a  folution 
of  gold,  the  furface  of  the  metal  is  at  once 
tinged  with  a  very  deep  purple  or  violet,  and  a 
powder  of  this  colour,  of  extreme  tenuity, 
gradually  diffufes  itfelf  throughout  the  fluid, 
deftroying  its  tranfparency,  and  rendering  ital- 
moft  black.  This  powder  is  called  the  precipitate 
of  CaJJiuSy  purple  precipitate^  or  mineral  pur*  • 
pie.  It  is  not  by  this  procefs  that  it  is  pre* 
pared  in  large  quantities  for  the  manufadure  of  ^ 
porcelain  and  earthen-ware,  in  which  it  is  much 
ufed,  but  by  mixing  a  folution  of  tin  in  nitro- 

muriatic 
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muriatic,  or  muriatic   acid  with  the  folution 
^   of  gold,  in  which  way  it  is  obtained  in  abun- 
dance^ Formerly,  however,  this  mixture  did  not 
■    always  afford  the  required  colour :   fometimes 
it-  yielded  only  a  dirty  broAvn,  and  fometimes 
,  nothing  was  produced  by  the  mixture,    i  hough 
fome    obfervations,  made  by  feveral  cheniiftSj 
might  have  led  to   the  difcovery  of  the  true 
•caufe   of  all  thefe   uncertainties,    it  was  not 
clearly  known  till  Pelletier  found  that  the  mu^i- 
riate  of  tin  poffeffed  the  property  of  abforbing 
oxigen  from  the  atmofphere ;  that  when  fatu- 
rated  with  it,  it  no  longer  afforded  purple  pre- 
cipitate; that  this  precipitate   even  depended 
on  the  great  avidity  of  tin  for  oxigen,  when 
not  faturated  with  this  principle;  that  it  took 
it  from  the  yellow  oxide  of  gold,  and  that,,  in 
bringing  it  back  to  the  (late  of  purple  oxide,  it 
feparated  it  from  its  folution,  in  which  it  united 
with  it  intimately ;    that  for  this   reafon  th^ 
fuming  liquor  of  Libavius,  or  fuper-oxigenated 
muriate  of  tin,  does  not  precipitate  the  folution 
of  gold ;  that  on  the  fame  account  a  folution 
of ,  tin,  long  made,  and  expofed  to.  the  air  from 
which  it  had  abforbed  oxigen  fo  as  to  faturatp 
itfelf,  no  longer  yielded  purple  precipitate  with 
..the  muriate  of  gold  ;    that  a.  folution,    which 
had'yet  abforbed  but  a  fmall  portion  of  oxigen,- 
.formed  with  it  a  pale  red  or  fawn-coloured  pre- 
-cipitate ;  and  that  this  precipitate  confiding  in 
the  difoxidation  of  gold  by  tin,    and  in  the 
union  of  the  oxide  of  gold,  partly  difoxided 

with 


with  the  oxide  of  tin,  more  oirigcnatcd  than 
before,  it  will  henceforward  be  alwajrs  eafy 
to  prepare  the  purple  precipitate  at  pleafure, 
and  this  important  preparation  will  no  longer 
be  liable  to  failure.  The  experience  of  all  chc- 
xnifts  confirms  this  fimple  and  perfpicuous  theory 
of  Pelletier. 

62.  It  is  to  the  fame  principle,  to  the  great 
ittraftion  of  iron  for  oxigen,  when  not  fatura* 
ted  with  it,  that  the  decompofition  of  the  mu* 
tiatic  folution  of  gold    is  owing,    on  pouring 
into  it  a  folution   of  frefh  green  fulphate  of 
iron,  which  inftantly  occafions  a  precipitate  of 
reduced  gold.     Bergman  thought  this  precipi- 
tate approached  fo  near  to  the  ilate  of  gold, 
that  he  gives  this  as  a  method  of  difcovering 
and  afcertaining  the  proportion  of  this  metal 
diffolved  in  affaying  ores  in  the  humid  way. 
-Hedi,  or  fuper-oxigenated  fulphate  of  iron,  does 
not  form  a  fimilat  precipitate  in  the  muriate  of 
gold. 

63.  Several  other  metallic  folutions  have 
equally  the  property  of  decompofing  and  preci- 
pitating the  muriatic  folution  of  gold.  The 
nitrate  of  filver  forms  in  it  a  reddifh  preci- 
pitate, which  is  a  mixture  of  white  muriate 
of  filvcr  and  purple  oxide  of  gold.  That  of 
lead  yields  a  dufky  and  dark  precipitate,  com- 
pofed  of  oxide  of  gold  and  muriate  of  lead. 
We  are  very  far  from  knowing  all  the  reci- 
procal effects,  which  the  different  metallic  felts 
are  capable  of  producing,  and  the  .compouwb 
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ihky  form  with  the  ibiutioh  of  gold)  on  ^hicJhf 
inahy  of  them  have  the  faculty  of  adlng. 

64.  The  ttietaint  ^cicls  do  iit^t  .attafek  gbld, 
or  in  any  degree  alter  its  qualities.  Cit|:i^'tL 
Vauqtrelin,  in  his  refearches  and  difcoVeries  re- 
tptGtihg  tint  chromic  acid,  has  found,  that  this 
acid,  mixed  with  thfe  muriatic,  im|)*^rted  to  it 
iht  property  of  diffolving  gold.  This  is  owiri^ 
to  the'  chrofnic  aCid  permitting  the  muriatic 
to  ta^ke  fforn  it  part  of  its  dxigen,  as  he  found 
it  did  by  direct  experiments  ;  and  as  the  tranfi* 
f  ion  of  the  chromic  acid  frotn  its  natural  orange 
colour  to  the  ftate  of  green  oijirde,  in  propor- 
tion Jts  the  afilion  on  the  gold  takes  f)lacc, 
p^roVed  to  him  be3^ond  contradiflioii. 

1.  ABion  on  the  Safes  and  on  the  Salts. 

65.  Gold,  in  the  metallic  ftate,  has  no'  af- 
finity fof  earths  and  alkalis,  from  which  it 
Uiidtrgoes  no  alteration.  In  the  ftate  of  purple 
dj^ide,  and  ftill  better  in  that  of  yellow  oxide, 

Jt  unites  with  earths  vitrified  by  alkalis,  and 
forms  violet  or  purple  enamels,  or  gold-coloured 
glafles.  It  is  in  cohfequence  of  the  latter  pro- 
perty, that  it  is  employed  in  the  fabrication  of 
artificial  topazes.  Thefe  glafles,  coloured  yel- 
low by  gold,  into  the  compofition  of  which  a 
large  portion  of  the  oxide  of  lead  enters,  and 
Orften  that  ,of  nianganefe,  fometimeS  exhibit  a 
Very  reitiarkabl6  property.  This  is  on  being 
gftntly  Hieated,  and  long  before  they  nielt,  tliey 
V<5l.  VL  N  n  acquire 
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acquire  a  permanent  purple  colour,  or  a  ruby 
red ;  which  is  apparently  owing  to  an  altera- 
tion in  the  equilibrium  and  combination  of  the 
Qxigen. 

56.  No  purple  oxide  of  gold,  by  whatever 
procefs  made,  experiences  any  change  from  al- 
kalis or  ammonia ;  but  its  yellow  oxide,  preci- 
pitated from  its  foliition  by  fixed  alkalis,  being 
digefted  for  fome  time  with  ammonia,  readily 
pafles  to  the  ftate  of  fulminating  gold ;.  which 
is  effential  to  be  known  by  operators  on  this 
metal,  that  they  may  not  expofe  themfelves,  in 
their  various  operations  with  gold,  to  convert  it 
unawares  into  the  ftate  of  ammoniacal  oxidesL 
which  would  fulminate  when  attempted  to  be 
reduced  by  means  of  heat. 

67>  The  moft  a6tive  falts,  the  nitrates  and 
the  fuper-oxigenated  muriates,  have  no  aftion 
on  pure  gold.  Yet  it  has  been  obferved,  that 
borax  renders  its  colour  paler,  and  that  nitre^ 
which  is  fometimes  employed  to  purify  and  re- 
fine it,  as  well  as  to  colleft  together  the  differ- 
ent particles  of  this  metal,  heightens  its  colour, 
and  renders  it  much  more  brilliant  than  it 
would  have  been  without  this  addition. 

K.  Ufes. 

68.  Beside  the  real  price  affixed  to  gold  on 
account  of  its  beauty,  unalterablenefs,  and  fear- 
city;  befide  that  of  opinion  and  prejudice^ 
which  human  paffions  have  givcsji  to  it,  and 

which 
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which  piakes  it  confidered  as  the-firft  and  moft 
ufeful  in  nature ;  it  has  of  itfelf^  and  in  confe- 
q^ence  of  its  peculiar  qualities,  a  number  of 
ufeful  properties,  which  alone  are  fufficient  to 
render  it  worthy  the  rank  it  holds  in  the  minds 
and  eftimation  of  mankind.  Its  fcarcity  does 
not  permit  it  to  be  made  into  utenfils  itfelf : 
thofe  of  fmall  bulk,  which  are  fabricated  with 
it,  cannot  be  wrought  of  the  pure  metal,  which 
-  is  too  foft  to  preferve  fufficiently  the  figure 
that  might  be  given  to  it.  In  general  it  is 
alloyed  with  a  tenth  or  twelfth  of  its  weight  of 
copper,  which  imparts  to  it  the  confiftence  and 
hardnefs  requifite ;  and  this  conftitutes  the  gold 
of  twenty- two  carats  in  trade,  or  for  jewellery. 
Gpld  coins  which  are  fmaller,  thicker,  and  of  a 
more  folid  form  than  that  of  trinkets,  contain 
only  a  twenty-fourth  of  alloy,  and  are  of  twenty- 
three  (in  England  twenty-two)  carats. 

69.  The  brilliancy  and  fine  colour  of  gold, 
added  to  its  indeftruftibility,  are  too  pleafing 
to  the  eye,  and  excite  too  ftriking  a  fentiment 
of  gaiety  and  pleafure,  not  to  have  led  men 
long  ago  to  feek  the  art,    and  confequently 
much  to  improve  it,  of  extending  its  appear- 
ance, of  reducing  it  almoft  wholly  to  furnace, 
and  of  covering  with  it  ^number  of  fubftances, 
which   it    adorns,  enriches,  and  at    the  fame 
S  time  defends  from  every  kind  of  alteration  and 
I  deftru6lion.     Heace,  the  numerous  kinds  and 
g  varieties  of  gildings  or  applications  of  gold  on 
^i  iron,  copper,  iilver,  and  other  metals,  on  ftones 
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and  infoluble  (alts,    on  wood  and  "fiu^  oi 
pa{>er  and  pafteboard.     The  flighted  or  moft 
fuperficial  gildings  are  made  with  folotions  d 
gold,  which  are  reduced  either  by  a  metallic 
furface,  or   by   phofphorus,    burning  fulphur, 
and  fulphureous  acid,  as  in  the  ingenious  pio- 
ceffes  of  Mrs.  Fulhame.  Some  of  the  moft  fnnpk 
coniiil  in  applying  by  means  of  a  mordant,  or 
^  glutinous    mixture   capable  of    deficcatioo, 
leaves  of  goid>  the  fucceffive   layers  of  lehich 
are  more  or  fewer,  wliich   are    rendered  vciy 
fmooth  by  the  friftion   aivd   preflure  of  hard 
bodies,  and  which  are  made  to  enter  into  evay 
cavity,  and  adapt  themfelves  exa^y  to  every 
figure,  without  breaking,  by  means  of  finall  in- 
ftruments,  which  prefs  them  nicely  into  every 
hollow.     Such  is  the  gilding  on    wood,  paiie* 
boaid,  tortoifeihell,  horp,  bone,    iiones,  audi 
number  of  fiibftances  not  of  a  metallic  natnit 
70.  What  is   called  Jhell-gold^  which  is  fie- 
quently  employed  for  certain  gildings,  is  pre- 
pared by  triturating  fn^ments  of  leaf  gold  with 
honey,  walhing  them  with  water,   and  after- 
wards drying  the  particles  of  gold  that  fubfidft 
Gold  calx  is  gold  in  purple  oxide,  precipitated 
from  its  folution,  and   diluted    with   a  muci- 
laginous  water,    or  a  folution   of  gum.    To 
make  rag-gold^  which  is  like  wife  ufed  fotfomc 
fpecies  of  gildings,  fine  old  linen  rags  are  dipped 
in  a  nitro-muriatic  folution  of  gold,  dried,  and 
tlien- burned.     Wheii  they  are  ufed,  a  wet  cork 
is  dipped  in  the  aflies  of  tliefe -rags,  and  this 
2  rubbed 
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rubbed  on  filver,  to  which  the  gold  in  a  very 
attenuated  ftate  readily  adheres.  Sometimes  in 
the  gildings  in  which, gold  is  applied  in  a  brown 
oxide,  the  pieces  are  paffed  (lightly  through 
the  fire,  to  reftore  to  the  metal  its  purity  and 
brilliancy.  The  vapour  of  fulphur,  or  ful- 
phureous  acid,  might  be  employed  for  the  fame 
purpofe. 

71.  Gilding  in  or  moulu,  or  water  gilding,  is 
the  moft  valuable,  and  mod  folid.   It  is  moll  fre- 
quently applied  on  copper  or  brafs.  The  metal  to 
be  gilt  is  firft  well  cleaned  by  means  of  fand,  and 
diluted  nitric  acid,  which  is  called  aqua  fecunda. 
it  is  dipped  into  this  liquor,  and  rubbed  with  a 
brufli  of  brafs  wire,  of  the  fhape  of  thofe  ufed  by 
painters,    and   called   a  fcratch-brujh.      It  \% 
fiext  put  into  a  nitric  folution  of  qi-iick-filveif 
very  much  diluted  with  water,  which  depofits 
.   on  the  copper  a  flight  layer  of  metallic  quick- 
,  filver.     The  intention  of  this  is  to  caufe  the 
amalgam   of  gold,  M^hich   is   fpread  ovef  th8 
tnetal  (previoufly  walhed  in  a  large  quantity  of 
water  to  <;arry  off  the  acid),  to  acquire  a  ftrong 
adbefion  to  it.     When  the  amalgam  is  fpread 
very  uniformly  over  the  metal,  it  is  heated,  by 
placing  it  over  a  fire,  to  volatilize  a(U  the  tner- 
.  ^uty.     The  gold  remains  alone,  and  of  a  dull 
yellow  colour.     A  brilliancy  and  polifii  are  im- 
parted to  it  by  rubbing  it  with  what  is  called 
gilding'^'wax^  or  a  mixture  of  red  bole  (ferru- 
,  ginous  argil),    verdigris,    alum,    and   fulphate 
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of  iron,  incorporated  with  yellow  wax,  and 
afterward  heating  the  work  a  fecond  time,  to 
burn  the  wax. 

72.  The  application  of  gold  on  filver,  a  fpe- 
<Jies  of  gilding  in  or  moulu  known  by  the  name 
of  vermeily  fucceeds  ftill  better,  and  takes  a 
much  richer  colour,  as  well  as  greater  folidity, 
by  means  of  the  amalgam,  which  is  limply  ap- 
plied on  the  filver  well  cleaned  by  nitric  acid. 
The  filver  is  then  heated  in  an  open  fire  to  ex- 
pel the  mercury.  Different  tints  or  fhades  of 
yellow,  red,  purple,  or  a  greenifh  colour,  are 
giv^en  to  thefe  valuable  and  durable  gildings  by 
different  faline  or  other  .matters,  which  are 
applied  to  them  in  powder,  or  in  a  pafte,  and 
heated  on  the  amalgam.  They  are  burniffaed 
in  the  ufual  manner  by  friftion  and  preffure  with 
hard  and  polifhed  bodies.  Silver  gilt,  or  vermeil^ 
perfeftly  refembles  gold  in  colovir. 

73.  Two  of  the  mofl  induftrious  and  intereft- 
ing  of  the  arts  employed  on  gold  are  thofe  of 
the  gold-beater  and  wire-drawer.  Thefe  are 
founded  on  the  extieme  dudility  of  this  metal, 
and  the  facility  with  which  it  may  be  extended* 
Gold-beating  confift^  in  flriking  the  metal, 
with  a  regular  and  fure  flroke,  between  pieces 
of  the  membrane,  called  gold-beater's  fkin,  on  a 
fteel  anvil  perfeftly  even,  with  fquare  hammers, 
equally  fmooth  and  well  finiflied.  By  repeated 
firokes  the  gold  is  reduced  to  leaves  fo  thin  as  to 
be  carried  away  by  the  wind.  Thefe  are  then  cut 
into  fquares,  and  placed  between  leaves  of  loft 

paper, 
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^aper,  which  is    impregnated    with    red  bole 
in.  its   body.      This   makes    what  are    called 
books.     The  gold  leaves  are  perforated  with 
thoufands  of  holes,  fo  that  the  light  may  be 
feen  through  them,  if  held  between  it  and  the 
eye:    but,    notwithftanding    thefe    numerous 
breaks,  their  cohefion  is  ftill  fufficiently  great, 
to  hold  them  together  in  one  piece,  fo  that 
they  may  be  applied  whole  on  the  furface  of 
many  other  bodies.     The  art  of  the  gold  wire- 
drawer  is  not  lefs  remarkable.     A  cylinder  of 
filver,  covered  with  a  layer  of  gold,  or  folidly 
gilt,  is  paffed  and  drawn  by  force  through  holes 
made  in  a  piece  of  fteel,  from  thofe  which  are 
nearly  of  the  diameter-of  the  firft  cylinder,  or 
differing  from  it  but  a  little,  to  thofe  which 
give  almoft  imperceptible  threads,  and  is  con- 
ftantly  elongated   in^  the  fame  ftate,   forming. 
a  folid  cylinder  of  filver  covered  with  a  coating 
of  gold,  the  thinnefs  of  which  feems  to  defy 
the  imagination.     Thefe  gold  leaves,  and  thefe 
flender  threads  of  filver  gilt,  which  are  com- 
monly called  gold  wire^  ferve  for  a  great  many 
ufes,  in  the  numerous  arts  in  which  they  are 
employed. 

74.  Among  the  various  employments  with 
which  gold  furniflies  tomen,  the  art  difpkyed  by 
the  goldfmith  and  jeweller  in  giving  its  plates, 
its  little  cylinders,  or  its  wires,  all  thofe  various 
jand  elegant  forms  in  M'hich  we  fee  it,  rs  not 
the  lead  deferving  praife.  Veffels,  utenfils, 
jewels,  and  trinkets  of  gold,  the  fruits  of  the 
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induftry,  talents,  fkill,  abflity,  and  invention 
qf  thefe  intelligent  workmen,  are  continually 
enhsincing  its  price  s^n  hundred  fold ;  and  thefe 
articles,  in  ^yhich  tafte,  and  the  improvement 
of  the  fine  art  of  defign  difplay  themfelves  in  a 
fuperiqr  manner  yeaj*  after  year,  while  they 
fupply  perpetual  food  for  that  luxury,  which  is 
l^appily  infatiable,  are  the  beneficial  occafion 
qf  furnifliing  many  Ji^nds  ^yith  employment, 
aud  of  promoting  among  modern  nations  tl^at 
commerce,  which  nmltiplies  the  enjoyments  of 
man,  c^nd  is  the  fource  of  wealth  and  proipevity 
to  fo  many  countries.  It  belongs  to  the  nature 
and  perfedibility  of  man,  tq  be  pleafed  with 
trinkets  and  utenfils  of  gold,  fince  the  f;*vage 
both  of  Africa  and  America,  >vho  lias  fo  fev 
wants  in  other  reipeds  when  con^pared  with  the 
delicate  cities  of  Europe,  loads  the  ears,  the 
arms,  the  fingers,  the  noftrils,  and  even  the 
lips  of  his  fpoufe  with  bits  of  the  grains  and 
filaments  of  goldjsvhich  he  colIe6ls  ii;i  rivulets 
and  ftreams,  and  which  he  bends  or  works  wikh 
eafc  in  confequence  of  it^  purity,  and  tfeefoft- 
ii^fs  of  this  native  metal. 

75  Diffeminated  in  thin  plates  of  every 
ij)ape,  or  in  foils,  twilled  in  curls,  drawn  out 
iuto  the  form  of  folid  wires,  or  rolled  round 
threads  of  {ilk  which  fupport  it  and  add  to  its 
bulk  and  ftrength,  gold  is  ftill  further  employed 
on  the  garments  of  various  individuals,  in 
embroidery,  tilfues,  and  laces.  Sometimes  it 
denotes  th^  opuleuce  and  lux^ury  of  tl^ofe  by 
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whoH)  it  is  worn;  ^X  Q\heva  it  ia  ufed  a3  ?i  de- 
coration, and  as  a  mark  of  dignities  apoongr 
ni^n.  It  is  i«teiwov?n  with  fitk,  with,  liijcn, 
with  woollen,  with  hajr,  with  feathers;  \%  is 
cpmbiqed  with  colours  of  every  hue;  it  h  even 
made  to  fhii^e  through  little  layers  of  gl^f% 
which  foften  qr  moderate  its  lyftr^,  pr  project- 
or" inultiply  the  brilliant  yays  yetkftcd  by  xH 
furface ;  and  it  is  fufficiently  JoiownTaow  wuch, 
as  an  article  of  drefs,  it  attradt^  the  eye>  and 
feems  to  compiand  refpefil  and  almoft  ob^i.ence* 
Accordingly,  it  always  makes  a  pari  of  tb^: 
ornaments  of  fuperior  dignity,  in  the  diftin^ian 
of  ranks  among  people  who  admit  theni ;  au4'. 
is  employed  in  feftivals,  public  peyformance3 
and  exhibitions,  civil  and  religious  ceremonies; 
in  fliort  on  every  occafion^  wt>ere  it  is  a,u  obje^ 
to  attraft  attention,,  or  to,  produce  iieatimex>ts 
of  admiratioi^  ^nd  aftonifhmeut,  to  ftrike  th^ 
imagination  and  fix  the  eye$  of  the  multitude)* 
76.  Gbld  is  likevv^ife  difti[n.guiflied.  by  the 
beautiful  colours  ^nd  ricbtint^;  whiqh  it  qom^' 
munica,te3  to  enamels,  ta  paantiags,  on.  porcC'- 
lain  and  earthenwaVe,  to  coloured  glaffea,  and 
to  imitations  of  precious  ftones.  Violcta,^  pur* 
pies,  purple-biowns,  violet  or  pui'ple-bluje^ 
topaz  yellows,  atud  tbei  brilliant;  a©d  lively  reda^ 
of  the  ruby  and  Syrian,  garnet,  are  the  chie£ 
varieties  of  tint,  which  the  oxides  of  gold,  inoxn 
or  lefs  ftrongly  and  rapidly  heated,  or  mi:s^ 
with  earths  or  fluxes  of  different  natures,  and 
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m  different  quantities,  produce  in  all  the  arts  of 
vitrification. 

77.  I  have  already  noticed,  at  the  beginning 
of  this  article,  that  it  is  fometimes  employed 
to  preferve  iron  from  ruft;  and  that,  notwith- 
ftanding  all  the  pretended  noblenefs  of  its  nature 
and  origin,  afcribed  to  it  by  the  alchemifts,  it  is 
modeftly  fubmitted  to  the  office  of  the  fimple 
preferver  or  protestor  of  a  metal  deemed  the 
moft  common,  and  almoft  the  bafeft,  that  nature 
has  created.  It  has  the  fame  office  in  the  gild- 
ings of  railing,  of  fome  parts  of  watch-work, 
and  of  various  philofophical  inftruments ;  and 
at  fome  future  period  it  may  be  employed  ftill 
more  extenfively  for  this  purpofe  of  covering 
and  preferving  iron  from  that  great  and  fpeedy 
alterability  by  which  it  .is  diftinguiflied. 

78.  It  is  not  difficult  to  conceive,  that  a 
metal  fo  valuable  and  fo  much  prized  fliould 
likcwife  be  ranked  in  the  number  of  medicinal 
fubftances.  To  what  has  not  man  had  recourfe, 
for  the  purpofe  of  afTuagitig  his  pains,  curing 
his  difeafes,  and  prolonging  his  exiftence?! 
have  already  ihown  above,  that  cordial,  alexi- 
pharmic,  and  other  virtues  had  been  afcribed 
to  it,  but  that  thefe  have  exifted  only  in  the  ima- 
ginations of  thofe  who  boafted  of  them.  Ac- 
cordingly, all  the  receipts  for  potable  gold  arc 
now  clalTed  in  the  lift  of  ridiculous  and  ufclefe 
medicines. 

Aeti 
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Abticle  XXII, 

Of  Platinq. 

A.  Hi/lory. 

1.  PLATINA,  which  forms  the  laft  in  the 
order  of  metals,  the  moft  intraflable  and  in* 
deftrudible  of  all,  was  not  known  by  chemifls 
before  the  middle  of  the  eighteenth  century. 
Under  this  name,  however,  which  is  of  Spanish 
origin,  and  fignifies  little  or  inferiory?/wr,  fome 
white  trinkets  of  little  eftimation  were  fold,  be- 
fore the  metal  was  diftin6lly  known.  Antonio  dc 
Ulioa,  a  Spanifli  mathematician,  who  accomr 
panied  the  members  of  the  French  academy  in 
their  famous  voyage  to  Peru,  for  the  purpofe 
of  afcertaining  the  figure  of  the  earth,  firftjgave 
fomething  like  a  precife  notion  of  it,  in  the  ac* 
count  of  his  voyage  publiihed  at  Madrid  in 
1748.  It  is  obferved,  that  Mr.  Charles  Wood, 
an  Englifh  metallurgift,  brought  fome  of  it 
from  Jamaica  in  J 741.  This  gentleman  re* 
lated  fome  experiments  on  this  new  metal  in 
the   Philofophical  Tranfa6Uons   for  1749  and 

1750. 

S,  Thefe  firft  experiments,  which  announced 
very  extraordinary  properties,  nmde  a  great 
noife  in  Europe,  at  a  period  when  the  difcoveiy 
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of  a  metal,  particularly  one  fo  fingular  as  this 
appeared  to  be,  was  a  phendmenon  beyond  what 
any  one  ha4  dared  to  hope.  The  greateft  che- 
mifts  of  Europe  were  then  eager  to  examine 
platina,  and  inveftigate  its  diftinguifhing  cha- 
rafters.  Schefter,  a  Swedifh  chemift,  wbofe 
leftures  were  publiflied  by  Bergman,  gave  the 
firft  accurate  feries  of  ex}>eriments  on  this  metal 
in  the  Memoirs  of  the  Academy  of  Stockholm, 
in  1752,  in  confequence  of  which  h«  ranked 
this  metal  near  gold  for  its  properties,  and 
called  it  white  gold*  Lewis,  an  Engliili  che- 
mift, to  whom  we  are  indebted,  amoBg  other 
thing3,  for  a  hiftory  of  filver  and  of  gold  very 
complete  for  the  time,  made  a  very  coitipletc 
and  regular  feries  of  experiments  on  platina, 
iichich  he  publifhed  in  the  Philofophi<:al  Tranfec- 
%ionS'  for  1754.  In  the  Memoirs  of  the  Aca- 
demy of  Berlin,  for  1757,  Margraff  gave  m 
account  of  his  experiments  on  this  metaL  AH 
thefe  early  labours  were  collected  an<f  compart 
by  Morin,  in  a  work  he  ptibliflied  in  France 
in  1758,  under  the  title  of  Platina,  Whitt 
GoMy  or  the  eighth  Metal.  This  is  a  metho- 
dical compilation  of  all  that  had  been  done  pre- 
vious to  that  period. 

*  3.  At  this  time  Macqucr  and  Citizen  Baum^ 
itndertook  in  conceit  a  great  many  interefting 

Ik 

experiments  on  platina,  which  are  recorded  in  the 
Memoirs  of  the  Academy  of  Sciences  for  1758. 
Buffon  foon  after  related  in  the  fii-ft  volume  of 
hjg  Supplement  a  feries  of  refearches,  which  he 
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tnade  in  canjun6lion  with  Milly  and  Citizen 
Guyton.  Mr.  Von  Sickingen  too  made  many 
ufeful  experiments  on  platina,  which  he  com- 
municated to  the  academy,  and  of  which  Mac- 
quer  h^s  given  a  minute  abftraft  in  his  Chemical 
Dictionary.  De  Lifle,  alfo,  nearly  at  the  fame 
time,  prefented  the  Academy  of  Sciences  with 
his  labours  on  this  metal. 

4.  After  thefe  refearches,  already  very  nume- 
rous, Achard,  Citizen  Guyton,  Lavoifier,  and 
Pellejier,  fucceffively  publilhed  nlethods  of  ob- 
taining platina  pure,  and  of  fufing  it,  and  new  in- 
formation refpeding  its  combinations.  Berg- 
maa  has  written  a  particular  differtation  on  the 
nature  of  its  precipitates  produced  by  diiFerent 
alkaline  re-agents.  Mr.  Ghabanon,  at  that 
time,  profeflbr  of  chemiftry  in  Spain,  bufied 
himfelf  in  proceffes  for  treating  tliis  metal  ia 
the  large  way,  in  which  he  fucceeded.  In  Paris: 
likewife,  fkilful  artifts  applied  with  ardour  to= 
this  abjedt.  Citizens  Carrochez,  an  engineer^ 
and  Jeannety,.a  goldfmith,  both  found  out  ufe- 
ful procelfes  for  purifying  pl2^;iha,  and  forging 
it.  .  The  firft  has  conftrufted  mirrors  for  tele- 
fcopes.of  it;  and  thefecond  is  daily  fa^bricatin^ 
of  it  thin  plates^,  wires^  crucibles^  and  ali  kinds, 
of  utenfib  employed  in  chemiftry  and  natural 
philofophy. 

5.  From  thefe  different  labours  combinesd^ 
we  have  acquired   si  ooniidcfable.  knowledgse: 
of  the   propertiiss   of   piatma^^  though)  tberei 
are  fliii  maay^  tlaingfs  deiwabUs:  ftv  complcrt^n^ 

the 
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the  hiftory  of  this  metal.  The  pnctimatic 
fy ftem  has  done  nothing  with  regard  to  platina, 
except  teaching  us  to  place  it  ou  a  level  with 
gold  in  refpeft  to  its  difficult  oxidability,  its 
little  affinity- for  oxigen,  and  its  confequent 
inalterability  by  the  majority  of  ather  fub* 
fiances. 


B,  Pht/Jtcal  Properties. 

6.  Platina,  purified  by  the  proceffes  which 
will  prefently  be  mentioned,  is  of  a  lefs  beauti- 
ful white  than  filver,  and  verging  a  little  to- 
wards the  grey  colour  of  iron.  When  burnilhed 
it  has  a  blackilh  tint,  and  not  the  white  luftrc 
of  filver.  Its  unpoliftied  parts  are  fomewhat 
grey  and  dull.  Its  appearance  is  not  fo  brilli- 
ant and  pleafing  as  that  of  filver,  or  gold ;  and 

.  moft  men,  though  likely  to  confound  it  with 
other  metals,  would  not  form  from  the  fight 
of  it  the  fame  idea  as  of  thofe  two  precious 
metals,  which  attra6l  their  eyes  and  excite  their 
admiration,  or  attach  to  it  the  fame  value. 

7.  This  metal  is  the  moft  denfe  and  heavy  of 
all  natural  fubftances.  When  it  is  flightly 
hammered  or  forged,  its  fpecific  gravity  is  to  that 
of  water  as  20,850  :  1,000;  w^henit.is  ftrongly 
laminated,  it  reaches  to  20,980,  according  to  the 
experiments  of  Citizen  Borda.  Sickingen  car- 
ries it  to  2I,06l,  and  Mr.  Chabanon  to  24,000. 
Its  hardnefs  is  not  the  greateft  obfecvable  among 
metals:   in   xefpeS  to  this    property .  Cidzea: 
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Guy  ton  affignsit  the  third  rank  among  them, 
after  iron  and  manganefe,  and  before  copper. 

8.  The  elafticity  of  platina  appears  to  be 
pretty  confiderable.  Its  du6lility  is  great ; 
though  it  is  far  from  being  eafily  wrought,  it  is 
reduced  to  very  flender  wires,  and  very  thin 
leaves.  Citizen  Guyton  gives  it  the  fecond 
rank  in  this  refpeft,  placing  it  between  gold 
and  filver.  It  is  ealily  bended :  and  the  refiftance 
and  cohefion  of  its  molecules  in  the  plates  fa- 
bricated of  it,  will,  at  fome  future  period,  admit 
a  great  number  of  ufes  to  be  made  of  it  of  high 
importance.  Citizen  Guyton  has  made  the  laft 
and  moft  accurate  experiments  on  its  tenacity, 
or  the  cohefion  of  its  particles.  In  this  point 
he  afligns  it  the  third  rank,  after  iron  and 
copper,  and  before  filver  and  gold.  He  has 
found,  that  wires  ofthefe  five  metals,  drawn 
through  the  fame,  and  two  millimetres  in  dia- 
meter, fuftained  the  following  weights  without 
breaking* 

Iron         -        249,659  kilogrammes 
Copper       -       137,399 
Platina       -       124,690 
Silver         -         85,062 
.     Gold         .  68,216 

9.  Platina,  like  all  other  metals,  heats 
quickly,  and  is  a  very  good  conduftor  of  calo- 
ric. Citizen  Borda  has  found,  that  its  dilata-* 
tion  is  '^^l^Q  to  a  degree  of  Reaumur's,  and 
it/ooo  to  a  degree  of  the  decimal  thermometer. 
Of  all  metals  it  is  the  moll  intra£);able  in  the 

fire, 
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fire,  and  the  moft  difficult  to  fuie.  It  g()cS 
beyond  iron  and  mangatiefe  in  this  property! 
Citizen  Guytofi  efiimates  its  fufibility  at 
l60+^r;  that  is  to  fay^  at  a  degree  yet  uii* 
known,  or  beyond  the  utmoft  limit  of  Wedg* 
wood's  pyrometer :  while,  as  has  been  feen  elfe** 
where,  he  places  that  of  marvgafiefe  at  160,  and 
that  of  iron  at  130.  In  faft,  the  gr^at^ft  firt 
known  in  our  furnaces  fcarcely  foft^n,  percepti- 
bly, the^platina  in  grairvs.  At  the  riidft  exf refti« 
degrees  of  heat,  we  can  only  agglutinate  tfeefe 
grains  together,  without  imparting  to  them  a 
true  or  ftrong  adhefion,  fince  they  may  be  fe- 
parated  by  hammering.  .  Alacquer  and  Citizen 
Ilaum6  kept  feveral,  in  a  continued  line,  ex* 
poied  to  the  conftant  and  violent  heat  of  aglafe* 
boufe  furnace;  and  thefc  grains  only  ftuck 
fligiitly  to  each  other,  for  they  were^fterwards 
feparated  by  the  hand.  They  perceived  theif 
colour  become  very  brilliant,  when  they  \rcpp 
of  a  white  heat  On  expofmg  thcfc  fame 
grains  of  platin^i,  well  purified,  to  the  focus  of 
the  burning  lens  of  the  Academy,  the  portions 
placed  in  tlie  centre  of  the  focus  fmoked, 
melted  at  the  end  of  a  minute,  and  formed  an 
homogeneous  button,  white  and  brilliant,  very 
du6lile  and  capable  of  being  cut  with  a  knife. 
Citizen  Guy  ton  likewife  fucceeded  in  fiifmg 
fmall  portions  in  a  crucible,  by  the  help  of  his 
reducing  flux,  compofed  of  eight  parts  rf 
pounded  glafs,  one  of  calcined  borax>  and  half 
a  part  of  charcoal,  and  employing  for  this  ope- 
ration 
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ratioii  Macquer's  wind-furnace.  L^voifler  alfo 
fiifed  iinall  portions  of  platina  in  a  cavity  on 
charcoal  with  a  blaft  of  oxigen  gas.  After  all 
thefe  trials  there  is  nothing  more  eafy  than  to 
procure  little  buttons  of  this  metal  thus  melted ; 
but  they  are  in  fuch  fmallmaffes,  that  it  is  impof- 
fible  to  employ  them  in  decifive  experiments ;  and 
we  may  ftill  fay,  that  no  real  and  ufeful  fufion 
of  platina  has  been  obtained ;  (ince,  when  treated 
by  the  ordinary  means,  it  is  impoffible  to  fufe  it  in 
fuch  a  quantity  as  allows  us  well  to  examine  its 
properties,  and  employ  it  in  experiments  capable 
of  rendering  us  acquainted  with  them.  Ac- 
cordingly it  will  appear  further  on,  that,  to 
apply  it  to  the  ufes  already  made  of  it,  the  fabri- 
cation of  plates,  bars,  wires,  veffels,  &c.  ithas'been 
neceffary  to  fufe  it  by  the  help  of  fome  alloys, 
and  feparate  it  afterwards  by  forging  from  the 
lif^etals  united  with  it  Of  this  I  fliall  fpeak 
under  the  article  metallurgy. 

10.  Platina  is  a  very  good  condufl;or  of  the 
eleflric  fluid  and  of  galvanifm.  Its  power  in 
this  refpeft  has  not  been  compared  with  that  of 
other  metals,  but  it  appears  to  be 'very  great. 
It  has  neither  fmell  nor  tafte,  in  which  it  re* 
fenibles  filver  and  gold. 

V 

C.  Natural  Hiflory. 

1 1.  Platina  has  hitherto  been  found  nowhere, 
except  in  the  gold  mines  of  America,  particularly 
in  that  of  Santa  F^  near  Carthagena,  and  in  t\ke 
-     Vol.  VI.  Oo  bailiwick 
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bailiwick  of  Ghoco,  in  Peru.  It  is  collefl^d  in 
the  form  of  littlie  grains,  of  a  livid  grey  or 
white,  the  colour  of  which  partakes  of  thofe  of 
^Iver  andiron.     Thefe  grains  arc  mixed  with 

'  feveral  foreign  fubftances  :  among  them  arc 
found  gold  dull,  blackifli  ferruginous  fand, 
grains  that  appear  through  the  lens  fcorified 
like  the  flag  of  iron,  and  fome  partieles  of 
mercury. 

12.  On  examining  the  grains  of  platina  with 
alcns,  fome  appear  angular,  and  others  rounded 
or  flattened  like  fome  pebbles.  They  may  be 
flattened  under  the  hammer :  but  fome  fly  to 
pieces;    and   thefe   frequently    appear   hollow 

'  within,  and  contain  portions  of  iron  and  a 
"white  powder.  To  thefe  fmall  grains  of  iron 
muft  be  afcribed  the  property  of  being  attraftcd 
by  the  magnet,  obferved  in  the  grains  of  pla- 
tina,  though  well  feparated  from  the  ferrugi- 
nous fand  among  them.  To  obtain  the  pureft 
and  largefl:  grains  of  platina,  they  are  forted  by 
hand,  and  the  gold  dud,  quart^^  fand,  and  iron 
are  feparated  from  them. 

It  is  probable  that  platina  is  not  found  in  the 
earth,  as  it  is  brought  to  us,  and  as  it  isfeen 
in  mineralogical  colle6lions.  The  form  of 
grains  which  it  exhibits,  is  owing  either  to 
the  motion  of  the  water  by  which  it^is  carried 
down  from  the  mountains  into  the  plains,  or  to 
the  grinding  of  the  mills,  through  which  the 
ores  of  gold,  with  which  it  is  mingled  in  the 
native  ftate,''  are  pafled.  Sometimes  prrtty 
3  Uxff 
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Urge  pieces  of  it  have  been  found.  The  Society 
of  Bifcay  has  in  its  colle6tion  a  piece  as  largef  as 
a  pigeon^s  egg.  Thefe  feparate  pieces,  fo  much 
larger  than  the  reft,  frequently  refemble  an 
egg  in  ihape.  Citizen  Gillet  h^-s  one 'of  thii 
figure,  about  a  centimetre,  or  four  lines  and  a 
^alf  lotig,  feven  millimetres, .  or  three  lines  and  ' 
•}•  in  its  greateft  breadth,  and  weighing  iiearly 
21  decigrammes,  or  40  grains.  No  naturalift 
has  yet  defer i bed  the  fituations,  gangues,  or 
varieties  of  ores  of  platina.  It  is  at  prefent  the 
leaft  known  of  all  metals ;  and  perhaps  the  only 
one,  which,  being  found  hitherto  only  in  one 
ilate,  been  Ukewife  difcovered  but  in  one  fmglq 
country. 


D,  Jffaj/  and  Metallurgy. 

14.  Platina  is  very  diftin^uiihable  by  its 
form,  colour,  and  fpecific  gravity.  As  it  is  always 
mixed  with  fand  and  iron,  and  frequently  with 
gold  and  quick-iil  ver,  befide  the  forting  by  hand 
already  mentioned,  by  means  of  which  Tillet 
found  fome  grains  of  this  metal  embedded  in  a 
quartz  gangue,  different  proceffes  are  employed 
for  Its  purification.  It  is  heated  red-hot  to 
volatilize  the  portion  of  mercury  left  by  the 
amalgamation,  by  means  of  which  gold  was  ob- 
tained form  it.  Iron  is  feparated  from  it  by 
the  HMignet,  which  frequently  takes  up  Mdtij 
this  attraftable  metal  little  fragments  of  platina. 
The  grains  are  alfo  heated  with  muriatic  acid, 

O  o  S5  which 
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which  diffolves  and  takes  up  the  iron.  Berg- 
man has  remarked,  that  platina  lofes  0,05 
of  its  weight  by  this  operation.  After  this  no- 
thing remains  but  the  platina  and  the  gold, 
both  of  which  are, to  be  diffolved  in  nitro-inu- 
riatic  acid;  and  the  proportions  of  the  tvo 
metals  may  be  found  by  precipitating  the  gold 
by  fulphate  of  iron,  and  carefully  weighing  the 
precipitate,  which,  as  I  have  faid,  is  in  a  metallic 
powder. 

15.  As  to  operations  in  the  great,  there  is  no 
one  yet  fettled  or  pradifed.     The  Spaniih  go- 
vernment having  found  that  its  miners  debafed 
gold  with  platina,  and  that  it  was  difficult,  to 
difcover  the  fraud,  on  account  of  the  fpecific 
gravity  and  unalterablenefs  of  this  compound, 
is  faid  to  have  flnit  up  the  mines  of  platina;  but 
this  is  an  improper  expreffion,  which  requires 
to  be  explained  fo  as  to  leave  no  ambiguity  or 
uncertainty.  *  It  appears,   that  platina  being 
always     found    mixed   ,with    gold     ore,    and 
both  being  diffeminated  in  the  native  ftate,  in 
the  fame  gangue,  it  is  impoffiblc  that  the  mines 
of  platina  can  have  been  fliut :  T>ut  as  faft  as 
this  metal,  which  does  not  diflblve  like  gold  in 
quick-filver,  is  extrafted  and  feparated,  it  i? 
thrown  away  or  fet  apart,  fo  that  it  is  no  longer 
met  with  in^  trade  as  formerly.      Hence  it  is, 
that  the  mode  of  treating  it  in  the  large  way  has 
made  no  progrefs,  and  that  no  work  in  this 
new  branch,  of V  metallurgy,   has  hitherto  been 
ereftcd.  .       . 

16.  Accord- 
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1(5.  Accordingly,  what  belongs  to  the  me- 
.tallurgy  of  platina^  is  nothing  more  than  a 
feries  of  operations  on  a  larger  fcale  than  thofe 
of  a  fimple  aiTay,  though  on  a  much  lefs  than . 
the  u'fual  metallurgic  operations.  It  is  by  thefe, 
that  Citizens  Carrochez,  Jeannety,  Chabanon, 
and  feveral  others,  have  acCompliihed  the  fu- 
fion,  particularly  by  the  help  of  arfenious  acid, 
or  what  is  called  white  arfenic,  of  fome  confider- 
able  quantities  of  platina,  fuch  as  a  few  kilo- 
grammes ;  they  have  hammered  and  forged  it 
by  repeatedly  heating  and  foftening  it,  fo  as 
to  deprive  it  by  little  a6d  little,  and  at  length 
completely,  of  the  arfenic  which  rendered  it  fu- 
fible,  and  preferved  its  continuous  and  conneft- 
ed  form,  fo  as  to  admit  of  its  being  flattened, 
fafliioned  oh  moulds,  and  drawn  into  wire.  It 
is  by  a  fimilar  operation  that  it  has  been  brought 
to  the  greateft  purity,  reduced  to  the  common 
Hate  of  other  metals,  and  made  to  aflimie  forms, 
,  which  may  render  it^ufeful  for  various  purpofes. 

As  the  different  proceffes,  employed  by  moft' 
of  the  artifts  abovementioned  for  purifying,  fu- 
fing,  and  forging  platina  in  the  large  way,  have 
not  yet  been  defcribed,  I  conceive  it  may  not 
be  ufelefs  tq  prefent  the  reader  with  Ahat  of 
Citizen  Jeannety,  publiflied  by  himfelf  in  the 
Report  made  by  Pelleticr  to  the  Bureau  de 
Confultatioriy  m  1790, 


Citizen 


Citizen  Jeanne fy'^  Procejsfor  obtaining  Platina 

in  BarSy  and  Malleable. 

'^THE  platina  muft  be  pounded  to  free  it 
from  the  ferruginous  and  heterogeneous  fub- 
ftances  mixed  with  it  This  preliminary  opera* 
'tion  being  performed,  I  take  three  marks  of 
platina,  fix  marks  of  white  arfenic  in  powder, 
and  two  marks  of  purified  pot*a£h»  and  mix 
the  whole  together^  On  the  fire  I  place  a  era* 
cible  that  will  hold  forty  marks,  and  when  my 
furnace  and  my  crucible  are  very  hot,  I  throw 
into  the  crucible  one  third  of  the  mixture,  and 
give  it  a  good  heat.  After  thid  I  thuow  in 
a  fecond  charge,  and  fo  again -a  third,  taking 
care  at  each  charge  to  mix  the  whole  with  a  red 
of  platina.  I  then  give  a  good  force  to  the 
iire;  and  when  I  am  certain  that  the  whole 
is  completely  in  a  ftate  of  fufion^  I  withdraw 
my  crucible,  and  leave  it  to  cool.  After  hav- 
ing broken  it,  I  find  ^a  button  well  formed, 
whicli  atti*a6ls  the  magnet  1 1  break  my  button; 
I  fufe  it  a  fecond  time  ixTTthe  fame  manner; and 
jf  this  fecond  fufipn  have  not  purified  it  of 
iron,  Lfufe  it  a  third  time.  In  general,  how- 
ever, two  fufions  are  fufficient ;  and  if  I  be 
forced  to  employ  a  third,  I  put  two  buttons 
together,  to  fave  a  crucible  and  charcoal. 

''  This  firfl;  operation  being  finiflied,  I  take 
pruciblesi  with  flat  bottoms,  of  fuch  a  circum^ 
fefence  as  to  give  the  button  about  three  inches 

and 
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and  a  quarter  diameter ;  I  heat  thefe  very  red ; 
and  I  throw  into  each  three  marks  of  platina, 
which  has  been.fufed  by  arfenic,  after  having 
broken  it,  and  added  to  it  an  equal  weight  of  ar- 
fbuic,  and  about  a  mark  of  purified  pot-aih.     I 
then  give  a  good  force  to  the  fire  ;  .and  after  I  am 
certain  that  the  whole  is  in  a  ftate  of  complete  fu- 
fion,  I  withdraw  my  crucible,  and  fet  it  to  cool, 
taking  care  to  place  it  horizontally,  that  my  but-' 
tons  may  be  of  an  uniform  thicknefa.     After 
having  broken  the  crucible,  I  find  a  very  clear 
and  fonorous  button,  commonly  weighing  three 
marks  three  ounces.     I  have  obferved,  that  the 
ttKfve  arfenic  was  combined  with  the  platina, 
the  more  readily  and  eafily  this  was  purified. 
In  this  flate  I  put  my  button  into  a  furnace 
tinder  a  muffle,  which  ought  not  to  be  higher 
than  the  circumference  of  the  buttond  placed 
cdgewife,  and  inclining  a  little  toward  the  fides 
of  the  muffle.     I  place  in  this  manner  three  on 
each  fide  of  the  muffle  :  I  apply  fire  to  my  fur-' 
nace,  fo  that  the  muffle  may  be  heated  uni*- 
formly  throughout  its  circumference ;  and  the 
moment  the  buttons  begin  to  fmoke  I  fhut  the 
doors  of  my  furnace  to  keep  the  heat  at  the 
fame  degree.     This  ought  to  be  attended  to  till 
the  operation  is  finiflied  ;  for  a  fmgle  excefs  of 
too  violent  heat  would  fruflrate  all  the  paihs 
before  taken^    I  expofe  my  buttons  to  this  eva- 
poration for  fix  hours,  taking  care  to  change 
Jheir  places,  that  they  may  all  receive  the  fame 
degree  of  heat,  and  I  put  them  into  common 
oil.     I  keep  them  an  equal  length  of  time  in  a 

firje 
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fire  fufficient  to  diffipate  the  oil  in  vapour.  I 
continue  this  operation  as  long  as  any  thing 
continues  to  evaporate  from  the  button ;  and 
when  the  evaporation  ceafes,  I  urge  the  fire  as 
far  as  is  poffible  by  means  of  the  oil.  The 
arfenical  vapours  have  a  metallic  brilliancy, 
which  I  cannot  obtain  without  the  intervention 
of  fome  fubftan-ce ;  and  I  have  never  been  able 
to  procure  platina  perfectly  malleable  without 
this  agent. 

"  If  thefe  preliminary  operations,  which  I 
have  pointed  out,  be  properly  executed,  the 
pvocefs  continues  only  eight  days:  I  then 
cleanfe  my  buttons  in  nitrous  acid  ;  I  boil  them 
in  difiilled  water  till  no  acfd  adheres  to  them 
any  longer ;  I  then  place  feveral  of  them  on 
one  another  ;  I  apply  to  them  the  ftrongeft  de- 
gree of  heat  poffible,  and  I  ftrike  them  with  fhe 
coining  engine,  taking  care  to  heat  them. the 
firft  time  in  a  crucible,  that  no  foreign  fub- 
ftance  might  introduce  itfelf  into  my  buttons, 
which  are  only  ipongy  mafles  before  this  firft 
compreffiori.  Afterward  I  heat  them  iu  the 
naked  fire,  and  form  them  into  a  fquare,  which 
I  beat  on  every  fide  a  longer  or  fliorter  time, 
according  to  the  bulk  they  have/' 

17.  There  is  every  reafon  to  believe,  that  the 
Spanifh  government,  which  poflefles  the  only 
jmines  of  platina  known  in  America,  and  which 
is  aware,  thatchemiftry  furnifhes  means  of  know- 
ing with  certainty  all  the  miijtures-  of  platina 
with  filver  and  gold,  in  all  their  proportions,  fo 

that 
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that  there  is.  no  longer  reafon  to  be  under  any 
fears  for  the  fecurity  of  trade,  will  loon  afford 
metallurgifts  an  opportunity  of  improving  the 
modes  of  working,  purifying,  fufing,  and  par- 
ticularly forging  of  platina,  by  bringing  this 
valuable  metal  into  circulation,  at  no  very  dif- 
tant  time  from  the  prefent.  There  is  equal 
reafon  to  prefume,  that  this  operation,  purfued 
on  the  plan  of  the  firft  affays,  which  have  al- 
ready fucceeded  fo  well  with  the  artifts  and  men 
of  fcience  whom  I  have  quoted,  will  foon  re- 
duce it  to  a  lower  price  than  they  now  hold 
thefe  new  prod u6lions  of  induftry,  narrow  and 
broad  plates,  ingots  and* wires  of  pure  platina, 
the  ufes  of  which  will  be  recounted  at  the  end 
of  the  prefent  article. 

E.  Oxidability  by  the  Air. 

18.  Platina  is  fo  far  from  being  altered, 
either  in  its  colour  or  brilliancy,  by  long  expo-^ 
fure  to  the  air,  even  with  a  great  increafe  of 
temperature,  that  it  feems  in  this  refpcA  to  ex** 
ceed  even  filver  or  gold  ;  for  an  ingot  or  plate 
of  each  of  thefe  three  metals,  well  poliflied 
and  burnifhed,  being  heated  red  hot  at  the  fame 
time,  and  in  the  fame  fire,  through  which  a 
current  of  air  pafled,  thofe  of  filver  and  gold 
underwent  a  flight  alteration  in  their  colour, 
which  became  dull  and  lofl  its  polifJi,  while  that 
of  platina,  after  being  taken  out  of  the  fire  and 
cooled  in  the  air,  retained  its  polifli  and  luflre : 

this 
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this  is  owing  to  its  much  greater  denfity,  and 
the  extreme  contiguity  of  its  molecules. 

19.  The  fame  unalterablenefs,  or  perfedin- 
deftruftibility,  doesnot  appear  to  exi ft  altogether 
in  the  fame  degree  in  the  grains  of  native  platina. 
Macquer  has  obferved,  that  thefe  grains,  ftrong- 
ly  heated  .in  a.crucible  in  a  glafs-houfe  furnace, 
affumed  a  dull  and  deep  grey  colour  on  cooling 
in  the  air,  and  were  increafed  in  weight.  The 
fame  obfervation  made  before  by  Margraff,  and 
agreeing  with  feveral  other  analogous  fafts  of 
the  deepening  of  the  colour  of  this  metal,  in 
cafes  in  which  it  is  oxided,  feems  to  indicate, 
that,  after  having  been  ftrongly  heated,  and 
when  kept  immerfed  in  air  during  its  refrigera- 
tion, it  is  capable  of  ahforbing  alight  portion 
of  oxigen,  which  it  is  true  indeed  never  cx« 
ceeds  a  few  thoufandth  parts. 

20.  This  phenomenon,  feen  by  every  cheniift 
who  has  defcribed  the  a6lion  of  a  ftrorig  fire 
combined  with  that  of  the  conta6l  of  air  on 
platina  in  grains,  is  no  reafon  why  we^  ihould 
not  confider  it  as  one  of  the  moft  unalterable 
and  indeftruftible,  by  the  atmofphere,  of  all  me- 
tals, as  one  of  thofe  which  remain  in  it  the 
moft  pure,  and*  the  largeft  fpace  of  time,  with- 
out the  flighteft  alteration  or  lofs,  when  it  is 
left  e^pofed  to  it  in  pieces,  in  bars,  in  plates,  in 
leaves,  or  in  wire  i  for,  as  I  cannot  too  forcibly 
inculcate,  it  poffeffes  a  greater  denfity,  and  of 
<rourfe  a  much  greater  immutability,  in  its  pure 
ftate,  and  after  having  been  fubje6led  to  com- 

preffion, 
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prcffion,  than  when  it  is  in  the  form  of  duft  or 
grains  given  it  by  nature.  Befides,  it  muft  alfo 
be  remarked,  that  many  of  the  authors,  whom 
I  am  obliged  to  quote,  »in  order  to  give  a  com- 
plete hiftory  of  the  properties  of  this  metal, 
have  frequently  operated  on  platina  in  its  na- 
tive ftate  of  grains,  and  confequently  ought  to 
have  attributed  to  the  iron,  of  which  it  con- 
tains at  leaft  0,05,  the  attraftions  of  which 
th6y  imagined  it  fufceptible:  fo  that  there  are 
always  fome  correftions  necelfary  in  the  ac- 
count of  obfervations  made  before  the  pieces, 
plates,  and  wires  of  pure  platina  had  become 
more  common,  as  they  are  at  prefent. 

21.  In  fpite.  of  this  Angular  unaHerableneft 
of  pltitina,  exceeding  that  of  filver  or  gold,  it 
is  ftiU,  however,  only  relative  to  the  feeble 
tneans  of  divifion  and  temperature,  which  we 
have  at  our  difpofal.  The  late  experiment  inade 
of  oxidation  by  means  of  the  violent  ele&ric 
ihock,  for  which  we  are  indebted  to  Citizen 
Van  Marum,  have  proved,  that  wire  of  this 
metal  might  be  broken  to  pieces  and  inflamed  in 
the  air,  and  difperfed  in  it  in  a  powder  refem- 
bling  fmoke,  which  was  a  true  oxide  of  platina^ 
On  receiving  this  powder  on  a  piece  of  paper^ 
or  an  burning  this  metal  fattened  oh  a  piece  of 
white  paper,  we  have,  inftead  of  a  kind  of  fmoke, 
a  dirty  grey  fpot,  which  fixes  on  this  fubftance, 
arid  penetrates  it  fo  deeply  as  not  to  be  remov- 
,  able  froui  it.  A  white,  but  not  very  bright 
9&ine,.  i$  feen  during  this  a^  of  deflagration. 
■•  Thus 
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Thus,  at  the  high  temperature,  and  in  the  ftatc 
of  extreme  divifion,  imparted  to  it  by  the  elec- 
tric fliock,  it  takes  fire,  inflames,  and  burns, 
like  all  other  combuftible  fubftanccs.  But  the 
effe6l  of  this  violent  cornbuftion  cannot  be  con- 
fidere.d  as  the  extreme  of  the  oxidation:  of  pla- 
tina.  It  appears,  that  this  powder  does  not 
contain  all  the  oxigen  Jt  is  capable  of  abforb- 
ing;  that  it  is  but  an  incipient  oxide,  the  oxi- 
dation of  which  may  be  carried  fartlier,  as  ve 
ihall  fee  by  the  aftion  of  acids  capable  of  at- 
tacking it.  For  the  reft,  this  oxide  has  not 
yet  been  colle6led  in  quantities  fufficient  to  af- 
certain  its  properties,  and  determineits  increafe 
of  weight :  and  it  is  only  from  atialogy,  very 
ftrong  it  muft  be  confeffed,  that  we  coniider  it 
as  eafily  decompofable,  and  fufceptible  of  hav- 
ing its  oxigen  expelled,  and  being  completely 
r(?duced  by  the  a6tion  of  heat, 

'  F.  Union  with  Combuftible  Subfiances. 

22.  Phosphorus,  and  the  greater  number 
of  metals,  are  the  only  combuftible  fubftances 
capable  of  combining  with  platina.  All  the 
other  fubftances  of  this  order  form  no  combioa* 
tion  with  it.  Azote,  hidrogen,  carbon,  and 
fulphur  in  particular,  which  unites  with  fo 
many  other  metallic  fubftances,  have  no  afiion 
en  platina,  and  form  no  compound  with  it 
This  refiftance  to  combination,  this  feeblenefe, 
this  abfeuce  even  of  affinity  in  platina,  is  evi- 
.    :  dently 
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dently  owing  to  the  denfity  and"  contiguity  of 
its  own  molecules,  which  adhere  too  ftrongly 
to  each  other,  to  be  attrafted  by  thofe  of  other 
bodies. 

23.  MargrafF  had  perceived  a  marked  a6lion 
between  platina  and  phofphorus ;  but  he  had 
only  a  glimpfe  of  the  combination,  which  thefe 
two  fubftances  are  capable  of  forming  together; 
it  is  to  Pelletier  that  we  are  indebted  for  the 
real  and  accurate  knoAv^ledge  of  their  union.  A 
mixture  of  equal  parts  of  purified  platina  in 
grains  and  the  glacial  acid  of  phofphorus,  to 
which  he  had  added  an  eighth  of  its  weight  of 
charcoal,  expofed  in  a  crucible  for  an  hour  to 
the  degree  of  heat  that  melts  gold,  yielded 
him,  under  a  blackifli  glafs,  a  fmall  button  of 
a  filvery  white,  a  little  heavier  than  the  platina 
employed,  and  the  bottom  of  which  was  filled 
with  cubic  cryftals.  This  button  was  a  real 
pholphoret  of  platina,  very  hard,  yielding  fparks 
with  the  ftcel,  not  attraftcd  by  the  magnet, 
very  brittle,  giving  out  the  phofphorus  in  a 
fire  capable  of  keeping  it  in  a  ftate  of  fufion, 
and  becoming  covered  with  a  glafs,  at  firft 
black,  afterward  green,  blueifh,  and  white. 
This  fuccefTive  gradation  of  colour  in  the  glafs 
induced  Pelletier  to  imagine,  that  phofphorus^ 
was  proper  for  feparating  the  iron  from  platina, 
and  thus  purifying  this  metal.  By  expofing 
this  phofphoret  to  a  ftrong  fire  in  cupels,  re- 
peatedly renewed,  he  accompliihed  the  fepara- 
tion  of  all  the  iron  by  the  help  of  the  phof- 

phoric 
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phoric  gW*,  which  carried  it  with  it  as  it  peBC- 
trated  the  earth  of  the  bones.  Platina  expofed 
to  this  fort  of  cupellation  four  times  fuccef-^ 
lively  was  in  ahutton  capable  of  being  flattened 
into  a  plate,  but  ftili  brittle  when  hot*  By  vary- 
ing this  experiment  Pelletier  fuccceded  iu  re- 
fining platina,  fo  as  to  render  it  very  pure. 
The  pbofphoret  of  this  metal  detonates  firongly, 
when  thrown  in  powder  upon  nitre  in  fufion : 
a  mixture  of  it  with  fuper-oxigenated  muriate 
of  pot-aih,  projected  into  a  red-hot  crucible^ 
produces  a  brifk  detonation,  and  the  platina 
is  left  very  pure  at  the  bottom  of  the  veffeL 

Having  heated  platina  in  grains  red  Jiot  in 
a  crucible,  he  projeded  phofphorus  into  it 
The  metal  entered  quickly  into  fufion :  a  brittle^ 
hard  phofphoret  was  formed,  of  a  clofe  grain, 
pretty  fimilar  to  the  white  of  fteel,  and  covered 
with  a  coat  of  black  glafs :  it  had  acquired  a 
little  more  than  a  fixth  of  its  primitive  weight 
This  phofphoret,  expofed  to  a  ftrong  lire,^  lofe$ 
its  phofphorus,  which  rifes  to  th6  furface  and 
burns,  and  leaves  the  platina  infufible  in  a  fco- 
xified '  and  porous  mafs,  very  malleable,  very 
pure,  only  retaining  a  little  glacial  acid  of 
phofphorus  between  its  molecules.  By  ftriking 
it,  after  being  brought  to  a  white  heat,  with 
the  prefs  ufed  in  coining,,  he  forced  out  all  the 
glafs  it  contained,  and  procured  a  button  of 
platina  very  pure  and  very  malleable.  ,  He  em- 
ployed this  procefs  for  making  fcales,  and  plan- 
chets  of  which  he  ilruck  medals^     He  refied 

fatisfied 
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fatisfied  With  this,  mode  as  one  of  the  beft  for 
feparating  completely  the  iron,  which  platina 
contains,  and  on  which  alone  the  phofphoric 
acid  a6ls.  To  efFe6l  this  important  purification, 
^  he  fufed  ,two  parts  of  platina  with  one  of  the 
glacial  ^.cid. 

24.  Though  fulphur  do  not  attack  platina,  yet 
the  alkaline  fulphurets  diffolve  it,  and  alter  its 
properties.  In  this  refpeft  it  comports  itlelf  like 
gold,  and  paffes  fluid  through  filters  by  the  help 
of  this  diflblution ;  which,  however,  is  much 
lefs  eafy  and  decifive  with  this  metal^^  than 
with  gold.  It  cannot  be  doubted,  that  a  fimilar 
refult  would  be  obtained  with  phofphorus  and 
th^  alkalis ;  but  this  kind  of  combination, 
which  the   direft  union   of   phofphorus  with 

,    platina  would  render  probable,  has  not  been 
examined. 

25.  Arfenic  unites  with  plat  ink,  and  forms 
with  it  a  hard,  ftiff,  and  brittle  com-pound. 
The  aftion  of  the  arfenious  acid,  or  oxide  of 
arfenic,  on  platina  has  engaged  much  attention, 
Mr.  Achard  and  Citizen  Guy  ton  are  the  two 
chepiifts  who  firft  treated  this  metal  with  white 
arfenic^  as  it  was  then  called^  before  the  appro- 
priate term  of  arfenious  acid  was  adopted.  It 
was  by  this  very  fufing  addition  that  they  fuc- 
ceeded  in  melting  and  cafting  this  metal,  ixx 

'  purifying  it  from  different  foreign  matters, 
which  it  is  liable  to  contain,  and  of  procuring 
it  pure,  dudile,  and  capable  of  being  ufed  for 
all  the  purpofei^  to  which  this  fine  metal  may  be 

parti- 
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particularly  applied.  It  is  irt.this  manner  it  is  ftill 
wrought  in  Paris,  fomewhat  in  the  large  way: 
that  it  is  fufed  and  moulded  at  firfl;  into  thick 
plates,  of  the  form  of  a  parallelogram,  which  are 
afterward  heated  red-  hot,  and  drawn  out  into 
bars  or  flat  ingots,  by  repeated  hammering.  By 
means  of  thefe  repeated  ftrokes  on  the  platina 
alloyedwith  arfenic,  which  is  brought  to  a  red 
heat  before  it  is  beiiten,  the  arfenic  is  feparated 
and  volatilized  ;  the  4netal  refines,  becomes  in- 
fufible,  but  retains  its  dufilility,  fo  that  it  can 
be  wrought  and  managed  like  iron,  M^hieh, 
however,  is  much  more  eafy  to  forge.  When 
it  has  been  heated  and  ftrongly  hammered  a 
pretty  confiderable  number  of  times,  it  is  found 
to  be  pure,  and  no  longer  contains  any  arfenic 
that  is  perceptible.  Notwithftanding  every 
artift  at  Paris,  who  manufaSures  this  metal  at  all 
in  the  large  way,  is  fuppofed  to  ufe  a  peculiar 
procefs,  it  appears,  that  what  I  have  here-re* 
lated  is  generally  followed,  becaufe  arfenic  alone 
poffefles  the  double  and  important  property  of 
promoting  the  fufion  of  platina,  and  of  quitting 
it  more  or  lefs  completely  by  the  a^lion  of 
caloric  long  continued, '  and  the  hammering 
employed  to  forge  it, 

26.  We  know^  nothing  of  the  combinations 
of  platina  with  tungften,  molybdena,  chrome, 
titanium,  uranium,  and  manganefe.  We  bavehad 
too  few  of  thefe  different  metals  pure,  as  well 
as  too  little  of  platina  itfelf,  and  have  expefted 
too  little  from  its  union  with  thefe  metallic  fub- 


ilances,  for  us  yet  to  have  examined  the  alti^ac- 
tions  that  exift  between  them,  as  well  as  the 
produfts  of  their  union;  The  fame  may  be  faid 
of  cobalt  and  nickel.  Bergman^  comparing 
together  the  properties  of  thefe  laft  metals,  has 
fliown  that  they  havfe  a  confiderabFe  analogy 
to  each  other,  and  at  the  fame,  time  to  iron : 
and  he  has  exprefled  a  doubt,  whether  they 
M'^ere  not  all,  and  in  particular  platina,  to  be 
confidered  ais  modifications  of  iroUj  of  .rather 
as  various  dates  of  one  and  the  lame  primitive 
metallic  fubftance,  capable  of  aifuming  a  num- 
ber of  different  forms  and  qualities,  according 
to  the  various  circumftances  in  which  it  is 
placed  by  nature  or  treated  by  art.  "  But  with 
his  ufual  precifion  and  clearnefs  of  feafoning 
he  has  concluded,  from  all  the  fefts  which  he 
has  collefted  on  thefe  different  metals,  that 
platina,  which  has  never  been  feparated  into 
different  fubftances,  and  the  nature  of  which 
has  never  been  imitated  by  any  mixture  what-, 
ever,  was  really  a  diftind  metal. 

27.  Bifmuth  unites  very  well  with  platina  by 
fufion ;  and  the  refult  is  a  metal  fo  much  the 
more  fufible  and  brittle  in  proportion  as  the 
bifmuth  is  in  larger  quantity.  This  mixture 
eafily  changes  its  colour  in  the  air,  in  which 
it  becomes  yellow,  purple,  and  blackilh.  It 
cannot  be  purified  by  cupellation :  and  when 
the  proportion  of  bifmuth  diminilhes,  the  pla- 
tina, refuming  its  infiifibility  and  natural  in- 
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tradable  cliara6ler,  fixes  in  a  fwoln  mafs, 
porous  and  fcoriform,  which  ftill  retains  much 
bifiiiuth,  and  remains  extremely  fliort  and  brit- 
tle. It  muft  be  obferved,  however,  that  thefe 
phenomena  have  been  feen  and  defcribed  only 
as  occurring  Avith  impure  and  crude  platinaJ 
and  that  no  attempt  has  been  made,  to  examine 
this  mixture  with  tlie  purified  platina  of  "which 
I  have  fpoken  above; 

i28.    It  is  known  Hkewife,  that  crude  platina 
eafily  fufes  with  antimony ;  and  that  the  refult 
is  a  metal  with  facets,  very  brittle,  from  which 
antimony  may  be  feparated  by  the.a6liou  of  fire, 
but  which  retains  the  laft  portions  with  fuch 
bbftinacy,  as  to  lofe  much  of  its  fpecific  gra- 
vity and  duftility.    It  is  with  this  combination, 
however,  as  with  the  preceding;  the  mixture 
of  pure  platina  with  antimony  has  not  yet  been, 
examined,  and  we  know  not  the  properties  of 
this  compound,  which  requires  further  refearch. 
The  fame  may  be  faid  of  the  fulphuret  of  anti- 
mony, which  the  alchemifts  fo  frequently  em- 
ployed to  purify  gold,  and  which,  from  analogy, 
nfiay  have  the  fame  aftion  on  crude   or.  impure 
platina  ;  but  no  attempt  has  yet  been  made,  to 
employ  it  for  this  purpofe. 

29,  Almoft  all  chemifts,  hitherto,  have  agreed 
in  faying,  that  mercury  cannot  unite  with  pla- 
tina, and  that  we  cannot  make  an  amalgam 
with  this  metal.  Befides,  there  was  fome  rea- 
fou  for  adopting  this  opinion,  as  it  was  knovn 

that 
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that  in  America  gold  was  feparated  from  pla* 
tina  by  means  of  quick-filver ;  and  that  the 
-platina  was  not  obtained,  till  the  ore  contain- 
ing both  the  metals  had  been  triturated  with 
mercury.  However,  on  a  careful  examination 
of  the  properties  of  crude  platina,  a  portion  of 
quick-filver  is  pretty  frequently  found  in  it. 
Scheffer  and  Lewis  endeavoured  in  vain,  even 
by  the  help  of  water  and  the  nitro- muriatic 
acid,  to  amalgamate  platina.  Citizen  Guyton 
having  found  that  the  adhelion  of  a  plate 
of  platina  to  quick-filver  was  much  ftronger 
than  that  of  the  metals  incapable  of  an  union  . 
with  it,  and  that  it  came  pretty  near  the 
adhefion  of  fome  which  diflblve  in  it  without 
much  difficulty  ;  and  that  it  even  exceeded  the 
adhefion  of  zinc  and  antimony,  which  may  be 
combined  with  it ;  he  attempted  to  effeft  this 
union,  and  fucceeded  to  a  certain  pj)int,  by  a 
procefs  different  from  what  haxl  been  before 
pra6lifed.  A  very  thin  plate  of  pure  platina, 
being  placed  and  confined  under  mercury,  at 
the  bottom  of  amatrafs,  in  a  fand-bath,  heated 
fo  as  to  keep  the  mercury  boiling  faft,  and  , 
to  bring  the  matrafs  to  a  flrong  red  heat,  came 
out  of  the  metallic  fluid  with  an  increafe  of 
weighty  penetrated  with  mercury,  and  very 
brittle;  in  fhort,  in  a  v^y  decided  flate  of 
amalgamation*  This  kind  of  combination,  in- 
,deed,  fenfibly  differs  from  that  of  metals  truly 
foluble  in  g^uick-filver,  fince  the  platina  does 

Pp2  not 
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not  lofe  its  folid  form,  and  does  not  diflblve ; 
but  it  is  at  lead  much  more  fenfible  than  that 
of  iron,  to  which  platina  had  been  compared 
with  regard  to  infolubility  in  mercury.  It  is 
eafy  to  fee,  that  6n  account  of  this  difficulty  of 
folution,  mixtures  of  fome  very  foluble  metals 
of  platina  may  be  treated  with  mercury,  which 
would  feparate  the  former^  without  touching 
the  pure  platina. 

30.  Zinc  eafily  combines  with  platina,  and 
renders  it  very  fufible.  The  compound  arifing 
froni  it  is  brittle  and  hard  to  file  ;  and  has  a 
tinge  of  blue,  particularly  when  the  platina  is 
in  greater  quantity  than  the  zinc#  By  heating 
this  mixture  a  long  time  the  zinc  is  feparated, 
volatilizing  and  burning  in  its  furface;  but  the 
laft  portions  of  zinc,  like  thofe  of  bifmuth  and 
antimony,  in  the  mixtures  with  thefe  metals, 
are  very  difficult  to  feparate. 

51.  Platina  very  eafily  unites  with  tin* 
This  mixture  is  one  of  the  moft  fufible,  and 
one  of  the  moft  eafy  to  melt  and  caft*  Unfor- 
tunately it  is  very  brittle,  and  eafily  broken  by 
a  blow,  when  in  the  proportion  of  equal  parts 
of  the  two  metals.  Twelve  parts  of  tin  to  one 
of  platina,  -form  a  very  duftile  compound,  but 
gf  a  rough  and  coarfe  grain,  which  grows  yd* 
low  in  the  air.  Hence  we  fee,  that  platina 
appears  greatly  to  diminiih  the  du6Hlity  of 
tin  :  it  is  an  analogous  compound,  which,  with 
tl>e  addition  pf  copper,   has    beoxi   propofed 

for 
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for  the  fabrication  of  mirrors  for  telefcopes. 
Lewis  afferts,  that  he  accompliflied  the  oxida- 
tion of  platina,  and  its  folution  in  muriatic 
acid,  by  means  of  its  union  with  tin.  We 
know,  in  general,  that  metals,  in  their  reci- 
procal combinations,  acquire  combuftibility. 

32.  Piatina  fufes  very  well  with  lead,  but  not 
without  a  ftronger  fire,  than  is  required  in  the 
preceding  cafe.     The  duftility   of  lead  is  fni- 
gularly  altered  by  its  union  with  jplatina :  the 
compound  refulting  from  equal  parts  of  the  two 
metals  inclines  to  purple ;  it  is  ftriated,  granu- 
lar in  its  fra^ure,  and  brittle ;  and  is  readily 
altered  in  the  air.    The  cupellation  of  piatina  by 
lead  has   been  confulered  by  all  authors,  who 
have  occupied  themfelves  about  this  important 
metal,  as  one  of  the  moft  interefting  operations 
<they  had  to  try,  becaufe  there  was  reafon  to  ex- 
pje6t,  that  it  would  ferve  to  purify  it,  as  it  does 
gold  and  filver.     Accordingly  th^ey  attempted 
it  a  number  of  times,  but  rarely  with  fuccefs, 
on  account   of  the  infufibility  of  this  metaL 
Lewis   was  one  of  the  firft  who  in  vain  at«r 
tempted  to  cupel  piatina  in  comiBrtii  cupelling 
furnaces,  notwithftanding  the  great  heat  em* 
ployed.    The  oxidation,  and  vitrification  of  the 
lead,  as  well  as  the  abforption  of  the  glafs  by 
the  cupel,  take  place  only  at  the  beginning,  and 
while  there  is  a  fupcrabundance  of  lead ;  but 
the  piatina  foon  fixes,  the  operation  ceafes,  and 
i\ie  melta,!  reniain^  united  with  apojtion  of  lead, 
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fo  that  it  is  deftitute  of  du6lility,     Macquer 
and  Baiim^,  however  fay,  that  they  fucceeded 
in   completely   cupelling  an   ounce  of  platina 
with  two  ounces  of  lead,  placed  in  the  hotteft 
part  of  the  furnace  ufed  for  baking  the  hard 
porcelain  of  Sevres.     The  wood  fire  continues 
there  fifty  hours  in  fucceffion..    After  this  fpace 
oftime,  vthe  platina,  which  they  withdrew,  was 
flattened  on  the  cupel,  and  well  fufed ;  its  furfacc 
^  was  dark  and  wrinkled;  they  feparated  iteafily; 
its  under  furface  was  brilliant;  and  it  admitted 
very  well  of  extenfion  under  the  hammer.    They 
fatisfied  thenfelves   that  this  platina  was  very 
pure,  and  contained  bo  more  lead.     Two  pieces 
of  platina  thus  cupelled,  being   brought  to  a 
white  heat,  and  hammered  one  upon  the  other, 
welded    together    firmly.        Citizen    Guyton 
equally  fncceeded  in  cupelling  a  mixture  of  one 
drachm  of  platina  ^nd  two  drachms  of  lead  by 
ufing  Macquer's  wind-furnace.    The  operation, 
performed  at  four  times,  took  up  in  all  twelve 
hours.     This  chemift  obtained  a  button  of  pla- 
tina, not  adherent,  very  homogeneous,  of  aco- 
Ibur  refembling  that  of  tin,  a  little  rough  on  its 
furface,  weighing  precifely  one  drachm,  and  not 
attra6iable  by  the  magnet.   From  the  refults  of 
thefe  two  experiments  we  fee,  that  they  furnifli 
us  with  a  procefs,  capable    of  yielding  pure 
platina.  fufed  in  globules,  malleable,  and  eafily 
reducilDle  into  plates,  capabFe  of  being  forged, 
and  confequently  qf  being  employed  in  the  fa- 
brication 
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ferication  of  various  utenfils.  But  it  is  no  lefs 
evident,  that  thefe  expenfive  and  difficult  pro- 
ceffes  can  never  be  confidered  as  adapted  to  the 
arts,  and  can  only  be  employed  for  fome  deli- 
cate operations  of  fcience. 

S3    Lewis  fufed  caft  iron  with  platina ;  and 
from  thefe  he  obtained  a  compound  fo  hard, 
that  the  file  would  not  touch  it.     It  poffefTed  a 
little  duftility,  but  it   broke  fliort  when   red 
hot,  in  confequence  of  the  different  fufibility 
of  its  two  ingredients.     The  fame  chemift  could 
never  accompli fli   the  union  of  platina  with 
Jbrged  iron ;  by  means  of  which  he  hoped  to 
unite  the  hardnefs  of  tempered  fteel  with  the 
great  duftility  of  platina.     This  impoffibility 
of  a  union  between  platina  and  iron,  militates 
ftrongly  againft  the  idea  of  platina  entertained 
by  fome  cliemifts,  who  have  thought  it  to  be 
either  a  fpeeies  of  iron,  or  a  native  compound 
6f  iron  and  gold.     There  is  no  inftance  of  a 
compound  metal,   which  does   not  unite  with 
either  of  thofe  that  enter  into  its  compofition. 
It  is  true,  that  the  extreme   infufibility  of  the 
two  metals  to  be  united  in  this  compound,  is  a 
great  obftacle  to  its  formation.     It  is  obtained 
very  eafily,  however,  by  means  pf  a  third,  par- 
ticularly of  tin,  lead,  or  zinc. 

34.  Platina  fufes  better  with  copper,  to 
which  it  imparts  hardnefs.  When  the  propor- 
tion of  copper  exceeds  that  of  platina  three  or 
four  times,  the  compound  poffeffes  d  utility  ; 
i^nd    is  capable     of  an    high    polilh    which 

it; 
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it  does  not  lofe  even  after  it  has  been .  cx» 
;pofed  to  the  air  for  ten  years.  It  was  with 
this  metallic  compound,  to  which  they  added 
arfenic  to  render  it  more  fufible,  that  Citizens 
Rochon  and  Carrochez  made  very  fine  mirrort 
for  telefcopes,  of  an  accurate  polifh,  of  a  very 
iine  grain,  and  completely  unalterable  by-  the 
conta6l  of  air. 

35.  Platina  eafily  unites  with  filver  by  fufion, 
though  it  is  difficult  to  caft  this  mixed  metal 
It  greatly  increafes  the  hardnefs  of  filver,  and 
reftdersits  colour  dull.  If  this  compound  be  kept 
fome  time  in  fufion,  the  two  metal$  feparate. 
In  this  fufion,  Lewis  obferved,  that  the  filver  is 
thrown  towards  the  fides  of  the  crucible  with  a 
fort  of  explofion.  This  phenomeaon  has  fince 
been  obferved  with  filver  alone,  ftrongly  heated, 
by  Citizen  Dar^et,  as  I  have  already  mentioned 
in  the  hiftory  of  this  metal.  Tilletji  in  the  ex- 
periments he  made  on  the  mixture  df  thefe  two 
metals^  and  on  their  feparation  by  a  kind  of 
parting,  b|y  meaps  of  nitric  acid,  obtained  pla- 
tina feparated  in  the  cryftalline  form  of  fern 
leave^j,  %nd  partly  attacked  by  the  acid. 

3$.  Gold  unites  well  with  platina,  though  it 
does  not  melt  with  it  without  the  application 
of  a  violent  heat.  Platina  greatly  changes  and 
^iminifhes  the  colour  of  gold,  unlefs  it  be  in 
very  fmall  quantity.  It  has  been  obferved, 
that  this  alteration  of  colour  doe$  not  takci 
place,  ^nlefs  above  afeventeenth  part  of  platina 
be  employed ;  for  with  this  or  any  lefe  propor- 
tion 
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tion,  the '  colour  of  gold  is  not  perceptibly  aU 
teredo  Platina  does  not  fenfibly  affeft  the 
fpecific  gravity  of  gold,  or  itjs  du6lility ;  oa 
which  account  it  has  beau  fraudulently  ufed 
for  the  fophiftication  of  this  metal,  The  Spanifli 
government,  in  confequence  of  the  eafe  .with, 
which  this  fraud  may  be  committed,  has  pre-* 
vented  the  importation  of  platina  into  Europe, 
and  ordered  it  to  be  thrown  into  the  rivers  as 
faft  as  it  was  ex  traced  from  the  gold  ores, 
among  which  it  was  diffeminated.  But  I  hav^ 
9,lready  faid,  and  I  fliall  foon  Ihow  more  at  large, 
that  chemiftry  furnifhes  analytic  means,  as  cer-» 
tain  as  eafy,  of  deteftingthe  mixture  of  platina, 
^nd  very  readily  eftimatin^  its  proportion,  by 
experiments  as  accurate,  and  which  may  he^ 
come  as^  familiar  as  thofe  which  conftitute  the 
art  of  ^flaying. 

37.  Thofe  naturalifts  and  chemifts,  who  have 
thought  with  the  illuftrious  BufFqn,  that  pla-r 
tina  was  a  native  compound  of  gold  and  iron, 
haveT)een  led  to  this  opinion  merely  from  ana-? 
logics,  which  may  be  confidered  as  very  inge- 
nious indeed,  but  are  founded  on  no  accurate 
experiment,  A  metal  refembling  platina  has 
peyer  been  obtained  by  any  artificial  mixture 
of  gold  and  iron,  in  whatever  proportion  made  j 
and  neither  gold  nor  iron  has  ever  been  ex- 
tracted from  platina,  when  well  purified.  To 
fay  that  nature  employs  mieans  unknown  to  us, 
^0  accompliih  this  fort  of  metallic  combination, 

and 
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and  to  render  this  compound  indecompofable, 
or  impoffible  to  be  deftroyed  and  afcertained  by 
art,  is  to  admit  a  fuppofition,  which  no  efta- 
bliftied  fad  throughout  the  whole  fcience  of 
chemical  analyfis  renders  probable  ;  and  it  is 
obvious,  that  with  fuch  fuppofitions  we  may 
frame  a  feries  of  romances,  or  fi6lions,  which 
would  never  be  any  thing  more  than  fable,  not 

patural  hiftory, 

•» 

G.  ASfion  on  Water  and  on  the  Oxides. 

38.  What  I  have  hitherto  made  known  of 
the  properties  of  platina  proves,  that  this  denfe 
jnctal  is  too  feebly  attra6led  by  oxigen,  to  be 
\\\  any  way  alterahle  by  water.  There  is  one 
cafe  however,  in  which  it  might  be  fuppofed  to 
^a  on  this  principle  of  water;  that  in  which  it 
oxides  when  inflaming  in  a  gas,  which  contains 
no  other  oxigen  than  that  of  the  water,  held  in 
it  in  the  ftate  of  vapour:  but  this  water  isde- 
compofed  only  by  the  explofive  eledlric  fpark; 
and  the  action  takes  place  only  at  the  moment 
when  this  oxigen,  feparated  from  the  hidrogen, 
offers  itfelf  tO'  the  platina  greatly  heated  and 
divided  by  the  effetT;  of  the  electricity,  as  I  have 
already  Ihown  above  to  be  the  cafe  with  gold 
and  filver.  This  oxidation  of  platina  is  likewife 
lefs  cafy,  than  that  of  thefe  two  metals. 

39.  For 
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39.  For  the  fame  reafon  as  this  metal  has  no 
aftion  on  the  hielrogenous  oxide  of  water,  it  has 
equally  none  on  the  metallic  oxides.  There  is 
no  one  from  which  it  takes  oxigen :  on  the  con- 
trary mod  of  the. other  metals  commonly  take 
from  it  this  principle,  and  unburn  it  with  more 
or  lefs  energy,  promptnefs,  and  facility. 

H.  AHion  on  Acids, 

40.  Platina  is  one  of  the  metals  that  aft 
lead  on  acids,  and  are  theleaft  foluble  in  them. 
The  mod  concentrated  fulphuric  acid,  affifted  by 
the  moft  powerful  heat,  does  not  attack  it  in  any 
manner,  or  experience  from  it  theleaft  alteration. 
It  is  the  fame  with  the  nitric  acid  :  and  though 
the  nitrous  acid  appears  capable  of  attack- 
ing itflightly,  as  it  does  gold,  it  afts^much  left 
fenfibly  than  on  the  latter  metal :  accordingly  all 
chemifts  ha,ve  unanimoufly  afferted,  that  platina 
is  not  foluble  in  the  acid  of  nitre.  The  ftrongeft 
muriatic  acid  has  no  aftion  on  platina,  even 
when  affifted  by  long  ebullition :  this  perfedl 
want  of  aftion  on  platina,  and  its  powerful  aftion 
on  iron,  enable  us  to  employ  the  muriatic  acid 
for  feparating  iron  from  platina,  and  purifying 
the  latter  metal.  Diftillation,  fuch  a  powerful, 
mean  of  oxiding  and  diflblving  moft  other  me- 
tals, in  no  refpeft  promote^  the  alteration  of  pla- 
tina by  acids :  and  it  may  be  faid,  that  of  all  me- 
tallic 
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tallic  fubftances  this  is  the  only  one,  which 
experiences  no  alteration  from  almoft  any  acid. 
Thus  the  phofphoric,  fluoric,  boracic,  carbonic, 
and  the  four  metallic  acids,  much  more  feeble 
than  the  firft  three  of  thefe,  have  abfolutely  no 
elFedl  on  pure  platina  in  its  metallic  flate :  the 
acids  furcharged  with  oxigen  aloi;ie,  and  which 
adhere  feebly  to  this  principle  in  excefs,  are 
capable  of  diffolving  it,  as  will  prefently  appear. 
41.  Three  acids  alone,  or  the  muriatic  acid 
in  its  triple  circumftancesof  fuper-oxigenation, 
oxide  and  diffolve  platina.  The  fluid  oxigen-^ 
>ated  muriatic  acid  afts  quickly  on  this  metal, 
and  at  a  heat  of  15  or  gO  of  Reaumur^s  ther-r 
jnometer.  The  oxidation  and  folution  of 
platina  take  place  without  any  feqfible  eiFer» 
vefceuce,  becaufe  it  takes  up  fikntly  as  it  were 
the  oxigen  adhering  feebly  to  the  inuriatic  acid, 
without  being  obliged  to  fe^arate  it  from  auy 
bafe,  capable  of  affuming  the  form  6f  gas ;  a 
circuniftance  which,  as  I  have  already  mentioned 
feveral  times  in  the  preceding  articles,  is  the 
fole  caufe  of  the  effervefceuce,  that  accompanies 
fo  many  other  foliitions,  In  proportion  as  the 
platina  is  thus  quietly  oxided,  jt  is  diiToIyed 
m  the  fame  manner  by  the  Tnuriatic  acid  left 
difroxigenatcd,  th^  attraction  of  which  for  the 
oxide  of  this  metal  is  as  ftrong,  ^  its  attraftjon 
for  the  metal  itfelf  fs  feeble.  The  folution  pro- 
duced in  this  cafe  }s  but  very  weak,  and  con- 
tains 


tarns  very  little  of  the  oxide,  on  account  of  the 
very  fmall  quantity  of  muriatic  acid  remaining 
in  the  water,  as  this  fluid  contains  no  great 
portion  of  the  oxigenated  muriatic  acid  at  firft.  - 
Accordingly  this  folution  of  muriate  of  platina, 
which  would  have  been  of  a  brown-red  colour 
if  fatiirated,  is  but  of  a  deep. yellow,*  or  light 
orange.  It  refembles  the  two  following  how-* 
ever  in  all  the  properties  it  difplays,  they  being 
only  weaker  and  lefs  ftriking,  in  confequence 
of  the  fmall  quantity  of  oxide  of  platina  it  con- 
tains. 

42.  The  muriatic  acid  loaded  with  nitrous 
gas,  and  ftill  more  the  muriatic  acid  mixed  with 
nitrous  acid,  as  it  is  in  the  ftate  in  which  it  was 
fonnerly  called  aqua  v^gia,  afts  much  more 
powerfully  and  rapidly  than  the  oxigenated 
muriatic  acid'  on  platina.  Here,  as  in  the  folu- 
tion of  gold  by  the  fame  re-agent,  it  is  the  ni- 
trous oxide,  which,  affifted  by  the  ftrong  at--. 
tra6libn  of  the  muriatic  acid  for  the  oxide  of 
platina,  is  decompofed,  yields  its  oxigen  to  the 
metal,  and  renders  it  foluble  in  this  acid.  It 
has  been  obferved,  that  the  nitro-muriatic  acid 
moft  proper  for  this  folution,  and  which  fuc- 
ceeds  beft  for  it,  is  that  which  refults  from  the 
mixture  and  re-a6lion  of  equal  parts  of  nitric 
aci<i  and  muriatic  acid.  This  aftion,  however, 
is  much  lefs  eafy  and  lefs  diftinft,  than  that 
^hich  the  fame  mixed  acid  exerts  on  gold; 

which 
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which  is  owing  both  to  the  extreme  denfity  of 
platina,  which  is  nearly  one  fourth  greater  than 
that  of  gold,  and  to  its  much  more  feeble  at- 
traftion  for  oxigen.     Accordingly,,  to  fucceed 
in  this  folution  we   are  obliged   to   have  re- 
courfe  to  a  procefs,  which  is  not  requifite  for 
accomplifhing  that  of  gold.     Into  a  glafs  retort 
is  put  one  part  of  pure  platina  in  fine  filings  ; 
or  grains  of  platina  well  feparated  from  fand, 
iron,  and  gold,  from  the  firft  by  wafliing,  from 
the  fecond  by  muriatic  acid,  and  from  the  third 
by  accurately  picking  it  grain  by  grain :  on  this 
are  poured  fixteen  parts  of  nitro-muriatic  acid, 
made  with  equal  proportions :  the  retort  is  placed 
on  a  fand-heat,  and  a  receiver  is  adapted  to  it: 
and  the  acid  is  boiled,  as  if  it  were  to  be  diftilled. 
At  firft  a  little  nitrous  gas  is  evolved  ;  then  real 
azote  gas  is  produced,  apparently  by  the  com- 
plete decompofition  of  the  nitrous  oxide  or  gas. 
This  gas  is  feparated  but  very  flowly,  and  in  no 
great  abundance,  becaufe"  the  platina  abforbs 
but  little  oxigen,    and  requires  probably  not 
more  than  5  or  7  per  cent,   for  dilTolving  in 
muriatic  acid.     The  folvent  aflumes  a  yellow 
colour,  which  changes  to  orange,  then  to  a  deep 
red,  and  at  length  to  a  dufty  brown. 

43.  This  muriatic  folution  of  platina,  one  of 
the  higheft  coloured  metallic  folutions  known, 
is  of  great  acrimony,  or  abfolutely  cauftic.  It 
corrodes  and  bums  animal  fubftances  :  the  dif- 

-  coloration 
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coloration  it  produces  on  the  fkin  becomes  of  a 
blackifli  brown,  and  never  affumes  that  fine 
purple  tint,  which  diftmguiflies  the  folution  of 
gold  in  the  fame  acid.  It  has  been  remarked, 
that  when  very  pure  platina  is  feparated  from  all 
the  iron  which  it  contains  in  its  ordinary  ftate, 
it  never  takes  any  colour  but  a  deep  orange 
yellow,  and  hence  the  deep  brown  of  the  com- 
mon folution  is  attributed  to  the  iron  it  con- 
tains. It  ia  true^  that  moft  of  the  folutibns 
mentioned  by  chemifts  have  been  made  wth. 
crude  and  very  ferruginous  platina:  however, 
on  diluting  the  deep  brown  folution  with  water, 
it  becomes  firft  of  an  orange  colour,  ^nd  thea 
of  a  bright  yellow,  which  approaches  that  of 
the  folution  of  gold.  Frequently,  when  this 
folution  is  very  thick,  it  depofits  on  cooling 
little  amorphous  cryftals,  nearly  pulverulent, 
of  a  fawn  colour,  which  are  true  muriate  of 
platina,  Macquer  fays,  that  by  evaporating 
this  folution  of  platina  gently,  and  afterwards 
letting  it  cool,  much  larger  and  better  defined 
cryftals  will  be  produced,  than  thofe  it  yields, 
fpontaneoufly  ^fter  faturation.  Lewis  having 
left  the  fame  folution  to  evaporate  fpontaneoufly 
in  the  air,  obtained  from  it  deep  red  cryftals, 
pretty  large,  irregular,  and  refembling  the  fub- 
limed  benzoic  acid,  only  a  little  thicker.  Berg- 
man afferts,  that  it  yields  on  evaporation  cryf- 
tals of  a  brown  red,  frequently  opake,  fome- 
times  tranfparent,    very   fmall,   irregular,    in 

angular 
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angular  grains,  the  true  figure  of  which  he 
found  it  impoffible  to  determine.  Thefe  cryf- 
tals,  wa(hed  and  dried,  are  left  foluble  by 
ebullition  than  fulphate  of  lime  itfelf :  their 
folution  is  yellow,  and  depofits  a  little  pale 
flocculent  precipitate,  which  Bergman  fuppofes 
to  be  oxide  of  iroti.  Thus  we  find  ^much  dif- 
agreement  in  authors  refpe6ling  the  muriate  of 
platina;  which  proves,  that  they  operated  on 
the  impure  metal,  and  that  they  did  not  all 
treat  it  in  the  fame  manner,  or  by  the  fame  pro- 
cefs  of  diffolution. 

44.  The  muriate  of  platina  is  of  a  rough  and 
aftringent  tafte.  Without  being  cauftic  like 
that  of  gold,  it  is  decompofable  by  fire,  lets  its 
acid  exhale,  and  yields  a  grey  oxide.  The 
concentrated  fulphuric  acid  occafions  in  it  a 
precipitate.  Pot-afh  firft  produces  in  the  folu- 
tion fmall  red  cryftats,  frequently  octahedral, 
which  are  a  triple  fait :  an  excefs  of  this  alkali 
forms  in  it  a  precipitate  of  yellow  oxide:  tlie 
fulphate  of  pot-afli  produces  the  fame  triple  fait 
Though  MargrafF  Tias  afferted,  that  foda  does 
not  precipitate  the  muriate  of  platina,  Bergman 
has  obtained  this  precipitation  by  employing  a 
larger  proportion  of  the  alkali.  The  oxide  thus 
thrown  down  is  yellow,  and  as  it  were  fpongy : 
no  cryftallized  triple  fait  is  formed  here  as  with 
pot-afli.  Ammonia  Irkewife  produces  cryftals 
of  a  red  or  yellow  triple  fait,  of  an  oftahedral 
"figure,  which  is  ammoniated  muriate  of  pla- 

.<3  tina. 
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tina.  Soda  decompofes  thdc  tci^tak,  and  fe* 
parates  from  them  a  cojoured  oxide :  pot-a(fr 
does  not  feparate tliefame  oxide,  but  takes  the 
place  of  the  ammonia,  forming  j|  triple  muriatic 
of  pot-aih  and  platina.  The  ammomacal  falts/ 
and  particularly  the  muriate  of  ammonia,  pre^ 
cipitate  in  Uke  manner  the  muriate  of  platina 
in  a  yellow  triple  fait,  granular,  and  little 
foluble*  The  fame  fait  is  obtained  by  pouring 
i  folution  of  muriate  of  ammonia  into  the  fait 
of  platina  formed  with  the  oxide  of  this  metal, 
obtained  by  means  of  foda,  anil  diffolved  in  the 
fulphuric  or  nitric  acid.  Thus  it  is  a  coniimOu 
property  of  the  falfesiiof  platina,  according  to 
the  experiments  tjf  Bergman,  to  form  with  pot- 
afli  and .  ammorniay.  or  with>  t]ie  falts  of  thefe 
bafes,  tripb  falts,  U^at  are  little  Iblubley  cryf- 
tallizable,  and  decompoled  by  the  a^iou  of 
heat  and  flovY  diureftion  with  foda.  Lime  a<Ss 
precifely  like  foda. on  the  muriatic  folution  of 
platina:  it  precipitates,. from  it  a^  oxide,  and 
does  not  form  a  triple  faft.  On  this  occafion 
Bergman  brings  tQgJt^t^jer  by  an  ingenious  com- 
parifou  foda  autl  lime,  pot^afli  and  ammonia ; 
remarking  that  the  latter  two,,  as  Mell  as  their 
laeutral  fahs,- occafion  the  cryilallization  of 
alum,  wliile  neither  foda  nor  lime,  nor  their 
neutral  falts,  pwduce  the  fame  eftecl.  In  the 
fame  place  in  his  dilfertation  on  platina  he  ob- 
fcrves,  that  alum  ores  naturally  contain  pot- 
afl),  or  that  pot-aili  is  formed  duiiijg  their 
Vol.  VI.  Qq  calciiia- 
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calcination,  fo  that  then  it  does  not  require 
to  be  added  in  nianufa6):uring  this  fait.  Thus 
by  this  general  view,  to  which  he  was  led  by 
an  examination  of  the  Solution  of  platina,  he 
has  forefecn  as  it  were  with  the  eye  of  genius 
the  difcovery,  that  Mr.  Klaproth  and  Citizen 
Vauquelin  have  made  of  the  prefence  of  pot-aih 
in  ftones. 

45.    The  precipitates  or  triple  falts  obtained 
by   pot-aih,  ammonia,'  and  their,  falts,  added 
to  the  muriatic  folutioh  of  platina,  have  the 
important  property  of  being  reducible  without 
addition,    in  a  ftrong  fire  urged  by    bellows, 
into  metallic  globules,  as  de  Lifle  firft  difco- 
vered  with  the  precipitate  made  by  the  muriate 
of  ammonia;  and  as  Sickingen  has  fince  confirm- 
edj.by  making  the  experiment  on  a  much  larger 
fcale.     Bergman,  who  generalized  this  proper- 
ty, by  finding  it  like  wife  in  the    precipitates 
made  by  pure  ammonia,    pot-afh,  and  the  falts 
of  pot-a/h,  obferves,  that  they  fufe  well  before 
the  blow-pipe  by  the  help  of  the  triple  phofphate 
of  urine,  which  retains  the  powder.      He  thus 
obtained  a  very  fmall  brilliant  grain,   which  he 
flattened  upon  an  anvil  into  a  plate  of  about 
a  line  in  diameter.     Sev^n  or  eight  fuch  little 
plates  were  united  well  together  by  the  fame 
procefs,  but  into  a  fingle  globule,   which  Berg- 
man compares  for  fize  to  the  head  of  a  common 
pin.     Thefe  retained  their  du6lility  ;    but  he 
was  not  able  to  fufe  greater  quantities  fo  per- 
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tedly,  asto  prevent  their  breaking  under;  the 
hammer.  The ,  cry ftallized  muriate  of  platina, 
and  the  precipitates  of  this  metal  which  are  not 
faline,  did  not  difplay  to  him  the  fame  quality 
of  being  reducible;  whence  he  infers,  that  am- 
monia and  pot-a(h  influence  the  fufibility  of 
thefe  oxides  in  feme  peculiar  manner.  At  pre- 
fent  we  fee  the  Angular  agreement  exifling 
between  this  facl  obferved  and  defcribed  by 
Bergman  in  1777,  and  the  art  of  fuling  and 
working  platina  in  the  large  way  publi/lied  by 
Jeannety  in  I79O.  Sickingen's  procefs  confifts 
in  firft  purifying  platina  by  amalgamiation ; 
diffolving  it  in  nitro- muriatic  acid ;  feparating 
the  iron  by  means  of  prufliate  of  pot*afh,  \vhich 
precipitates  this  metal,  while  the  platina  ftill 
remains  diflblved ;  precipitating  the  platina 
AVith' muriate  of  ammonia;  afterward  expofing 
this  precipitate  to  a  ftrong  fire,  and  adding 
the  art  of  forging' to  that  of  fufmg  it :  by  which 
procefs  he  has  obtained  from  crude  platina  five 
eighths  of  pure  platina,  capable  of  being  forged 
when  heated,  and  fufficiently  dudlile  to  admit 
of  being  flattened  and  drawn  into  wire.  This 
-pro.cefs,  however  accurate  and  valuable  it  may 
be  to  thechemift,  ismanifcftly  too  expenfive  to 
be  adopted  in  the  large  way  :  but  it  will  be  feen- 
below,  that  for  the  fabrication  of  certain  che- 
mical utenfils  it  is  preferable  to  that  performed 
with  pot-afli  and  arfenious  acid,  becaufe  this 
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does  not  always  anfwer  every  condition  required 
in  the  fabrication  of  tliefe  utenfils*       —  .^.--^ 

46.  Bergman,  after  having  defcribed  with 
niucli  care  the  procefs,  in  which  he  obtaineS 
very  fmall  globules  of  platina  by  fufmg  the 
ammoniacal  precipitate  with  triple  plip^ate, 
obferves  that  this  metal,  deprived  by  thijiropera- 
tion  of  all  the  iron  it  contained,  ex'hU^ited  pro- 
perties very  different  from  thofe  of  crude  pla- 
tina.  In  fa6fc,  thefe  globules  tiad^  a  very  bright 
,  filver  coloui?^  The  hioft  poAverful  magnet  did 
not-attraft'tlicm,  and  they  had  no  magnetic 
propdty.  No  acid,  except  the  oxigenated 
muriatic,  attacked  them.  The  nitro-muriatic 
acid,  compofed  of  equal  parts,  diffolved  them, 
affumirig  firft  a  yellow  colour,  which  at  length 
became  red.  This  folution  yielded  on  evapora- 
tion, granular  cryftals  of  no  determinable  form: 
^t  exhibited  the  phenomena  of  precipitation  and 
of  triple  falts  mentioned  above.  The  pruffiatc 
^f  pot-afh  did  not  precipitate  it,  but  merely 
heightened  its  colour,  becaufe  it  formed  a  triple 
fait.  This  laft  fti6l  proves,  that  the  platina  con- 
tained no  iron;  fmce  on  3,ddfi\:g.  fulph9.te  of 
irmito  th-is  folutimi,  in  the  proportion  of. -jr^ 
pai'^tdf  the  platina  it  contained,  a  blue  preci- 
pitate was  formed,  though  the  iron  in  4t  then 
was  .o»ly 


47.  The.occide  of  platina,  precipitated  from 
its  folution  by  lime  audfoda,  is  reduced  to  pla- 
tina by  a  ftrong  fire,  affifted  by  fome  fluxes, 
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particularly  borax,  tartar,  and  a  fufible  glais. 
Macquer  thus  fufed  it  in  thirty-five  minutes, 
in  a  forge  fire  urged  by  two  powerful  pairs  of 
bellows,  into  a  button  which  was  not  du6lil^ 
arid  which  was  hollow  within  :  its  texture  was 
granular^  and  its  fra6lure  coarfe :  its  hardnefs 
was  fimilar  to  that  of  forged  iron;  it  fcratched 
gold,  copper,  and  even  iron.  A  precipitate 
formed  by  pot-afli,  and  which  was  a  triple  fait, 
expofed  to  the  focus  of  a  burning-glafs,  gave 
out  a  thick  vapour  of  muriatic  acid,  and  fufed 
into  a  fmooth  button,  brilliant,  vitrified,  and 
brittle.  The  true  precipitate  by  alkali  is  folu- 
ble  in  the  fimple  acids,  but  much  more  ealily  in 
the  nitro-muriatic.         h 

48.  According  to  the  ^rft  aflays  of  MargrafF 
and  Lewis,  the  nitro-m^riatic  folution  of  pla- 
tina  is  precipitated  by  the  metals,  and  parti- 
cularly by  tin,  into  a  reddifli  oxide.  The  fame 
effeft  takes  place  with  the  folutions  of  moft  of 
thefe  metals.  From  a  comparifon  of  their  ex- 
periments it  appears,  that  the  folutions  of  bif- 
muth  and  lead  by  the  nitric  acid,  of  iron  and 
copper  by  different  acids,  and  of  gold  by  the 
nitro-muriatic  acid,  produce  no  precipitate  in 
the  folution  of  platina ;  and  that  thofe  of  arfe- 
niate  of  pot-afli,  nitrate  of  zinc  and  filver  pre- 
cipitate  it;  the  firft  in  a  cryftallized  fubftance 
of  a  fine  gold  colour,  the  fecond  in  an  orange- 
red  fubftance,  and  the  th|rd  in  a  yellow  powder. 
It  is  evident,  that  thefe  precipitations,  like  that 

of 
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of  the  folution  of  gold  by  the  muriate  of  tii^ 
are  occafioned  by  the  diflblved  oxides  feizing 
the  oxigen  of  the  platina,  and  precipitating 
themfelves  too  much  oxided,  while  that  of  pla- 
tina,  being  deprived  of  its  oxigen,  quits  the 
muriatic  acid. 


I.  Adion  upon  the  Bafts  and  the  Salts. 

49.  There  is  no  adion  between  the  earths 
or  the  alkalis  and  platina.  Its  oxides  combine 
very  difficultly  with  the  firft  by  vitrification. 
Attempts  have  been  made,  however,  to  employ 
them  in  the  manufafture  of  porcelain ;  and  a 
kind  of  olive-grey,  or  brown,  but  of  a  dead 
and  dirty  hue,  have  been  obtained  from  them. 
JLewis,  and  Citizen  Baum6,  in  their  affays  in  this 
.way^  obtained  only  reduced  grains  and  rainifi* 
cations,  or  a  fort  of  metallic  lace- work. 

50.  Platina  experiences  no .  alteration  from 
ihe  greater  number  of  lalts.  The  fulphates 
fufed  with  platina  in  grains,  feparate  from  it  on 
the  furface,  and  acquire  a  reddifli.  colour,  by 
the  help  of  the  iron  which  they  diflblve.  But 
the  nitrate  of  pot-alh,  and  the  fuper-oxigena- 
Jted  muriate  of  the  fame  bafe,  manifeftly  alter 
.and  oxide  it  by  means  of  fufion,  Lewis  firft 
obferved  and  defcribed  this  kind  of  aUeration. 
By  heating  for  three  days  and  three  nights  fol- 
lowing, a  mixture  of  one  part  of  platina  and 
two  of  nitre,  which  was  projefted  at  firft  into  a 
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red-hot  crucible  and  exhibited  no  detonation; 
the  metal  acquired  a  red  colour.  Boiling  wa- 
ter diffolved  the  alkali  of  this  refiduum,  which 
carried  with  it  a  brownifli  powder ;  and  the  pla- 
tina,  feparated  by  this  waihing,  was  found  to 
be  diminiflied  more  than  one-third  of  its  weighty 
The  powder  carried  off  with  the  water,  and 
received  on  a  filter,  appeared  to  be  a  mixture  of 
oxide  of  iron  and  oxide  of  platina.  Lewis 
imparted  to  it  a  whitifli-grey  colour,  by  dif- 
tilling'it  feveral  times  following  with  muriate 
of  ammonia,  which  feparated  from  it  the  oxide 
of  iron.  Margraff,  on  repeating  the  experiment 
of  Lfewis,  and  obferving^  the  fame  phenomena, 
has  added  two  remarkable  circumftances ;  the 
one,  that  the  oxide  of  platina,  united  in  part 
with  the  alkali  of  the  nitre,  and  diluted  in  a 
certain  quantity  of  water,  affumed,  on  being 
a6led  upon  by  heat,  a  colour  as  black  as  pitch. 
Thefe  fa^s  indicate  an  alteration  of  the  platina 
by  the  nitre,  extremely  different  from  the  per- 
fe6l  inaftion  of  this  fait  on  gold,  and  even  on 
filver.  It  would  be  an  important  purfuit,  to 
refume  this  experiment,  and  to  carry  it  ftill  much 
.farther,  in  order  to  learn  whether  a  giyen  quan- 
tity of  pure  platina  be  capable  of  being  com- 
pletely oxided,  and  in  what  ftate  this  oxide  is, 
particularly  with  regard  to  the  proportion  :of 
oxigen.  This  experiment,  it  muft  be  obferVed, 
has  hitherto  been  confirmed  only  with  refpeft  to 
platina  in  a  crude  ftate,  and  in  grains. 

.51.  The 
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51.  The  fuper-oxigenated  muriate  of  pot-afh 
a6ls  but  very  feebly  on  platina;  Citizen  Guy- 
ton,  however,  has  fucceeded  in  obtaining  a 
flight  oxidation  of  this  metal  by  the  following 
procefs.  Having  heated  red-hot  in  *a  crucible 
two  fmall  thin  plates  of  platina,  weighing  toge* 
ther  full  two  grammes,  and  having  projefted 
into  it  in  different  pofitions  eight  grammes 
of  fuper-oxigenated  muriate  of  pot-afli,-  neither 
detonation  nor  fufion  took  place;  the  fait 
wholly  fublimed  :  the  plates  were  found*  to  be 
of  a  duller  polifli :  they  had  increafed  in  weight 
fome  millegrammes :  that  which  was  the  thin- 
ned, and  prefented  the  largeft  furface,  had  ac- 
quired more  than  the  other :  by  boiling  them 
in  a  weak  acid,  namely  diftilled  vinegar,  they  loft 
one,  only  apart  of  what  it  had  gained,  and  the 
other  a  little  more :  pruffiate  of  lime  pourecj  into 
this  acid,  rendered  it  inftantly  turbid,  and 
formed  in  it  a  greenifli  ifrhite  precipitate:  it 
was  with  difficulty  made  if  clear  by  means  of 
three  fucceflive  iSltrations/^when  the  liquor  af- 
fumed  a  bright  green  tingc^*>and  left  a  refidiium 
of  the  fame  colour.  From  this  experiment  Citi- 
zen Guy  ton  concludes,  that  platina  when  heated 
red-hot,  is  oxided  on  its  furface  by  the  fuper- 
oxigenated  muriate  of  pot  afli,  though  this  fait 
forms  but  a  momentary  fluid  bath  on  the  metal, 
and  evaporates  fpeedily. 
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52.  It  is  eafy  to  forefee,  that  the  mott  inde- 
ftruclible,  moil  denfe,  and  raoft  iiifufible  metal 
known,  muft  be  a  fubftance  that  will  hereafter 
render  the  gtfeateft  fervices  to  fociety.     iThe 
Spanifli  government,  which  enjoys  the  exclu'* 
five  privilege  of  the  exiftence  of  platini  in  itS 
poffeffions,  cannot  be  long  before  it  gives  this 
valuable  metal  to  trade,  to  the  arts,  and,  kbove 
all,  to  the  fciences,  which  claita  it ;  now  that 
very  a,ccurate  chemical  experiments  ho-ve  taught 
us,  that  gold  fophifticated  with  platlna,  can  foon 
be  dete^ed,  and  even  aflayed  with  precifion, 
by  the  addition  of  muriate  of  ammonia  to  its 
folution,    which   would   render  it  turbid ;    as 
even  platina  would  be,  if  alloyed  with  gold, 
fuppofing  the  acknowledged  merits  of  th6  for-^ 
met  ihould  render  it  more  highly  valued,  by 
mixing  fulphate  of  iron  with  its  folution,  which 
w^ould  precipitate  the  gold  without   affeSing 
the  platina.     The  weight  of  each  of  thefe  pre-* 
cipitates  would  indicate  the  refpeftive  quantir 
ties  of  the  metals. 

53.  Some  trinkets,  and  utenfils  for  the  table,^ 
have  already  been  made  of  platina  ;  but  though 
they  have  the  advantage  of  being  un^ltera** 
ble  and  infufible,  they  have  the  real  defecl 
of  not  pofleffing  a  fine  colour,  and  are  at  the 
fame  time  ver/  ponderous.  Platina,  thertfore, 
Vol,  VI.  R  V  can 
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can  be  employed  only  for  fmall  and  flender  in 4 
ftruinents,  capable  of  being  expofed  to  feveral 
corrofive  matters,  and  to  the  air,  without  being 
altered  by  them  ;  but  this  ufe  is  confined  within 
narrow  bounds. 

54.  Unqueftionably  it  is  in  the  fabrication 
of  chemical  veffels,  that  it  would  be  moll  di- 
reSly  ufeful:  crucibles,  evaporating  diihes^  fraall 
retorts,  and  alembics  of  pure  platina,  would 
be. of  very  ^neat  advantage 4br  chemical  opera- 
tions ;  but  to  derive  from  them  all  the  benefits 
that  may  be  expefted,  they  iliould  be  made  of 
platina  fufed,  and  purified  with  phofphorus ;  or 
cxtraAed  from  its  muriatic  folution,  precipitated 
by  the  muriate  «f  ammonia.  - 1  muft  indeed  ob- 
lerve,  that  platina  fufed  and  purified  in  th« 
large  way,  with  arfenic,  and  forged,  has  not  the 
degree  of  purity  requifite  for  chemical  opera- 
tions ;  and  that  all  the  crucibles  I  have  feen 
fabricated  of  it  con  flan tly.  become  full  of  holes 
and  perforated,  by  the  fulif;Hii.s  with  faline  fluxes 
made  in  them. 

55,  The  greateft,  m oft  important,  and  moft 
folemn  ufe,  that  has  yet  been  made  of  platina, 
has  been  within  thefe  few  years,  in  the  jTeries  of 
operations  undertaken  f^i-  determining  the  ne\f 
weights  and  mcafuies  of  the  French  RepuWic. 
The  Committee  of  the  Academy  of  Sciences 
have  employed  it  for  nieafurmg  the  l^afes  of  the 
triangles,  on  acoount  of  its  little  dilatation  and 
change  by  caloric,    and  of   the  regul^ty  ot 
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this  dilatation. .  Of  it  hajve  beenL^made  the  rod 
and  weight  of  the  pendulum,  defigned  for  mea- 
furing  the  ofeillatioris  at  a  given  latitude-  It 
will  form  the  ftandard  of  weights  and  meafures, 
which  will  be  the  perpetual- and  immutable 
types  of  all  inftruments  of  menfuration.  Small 
weights  ^vill  be  fabricated  of  wires  or  leaves  of 
this  unalterable  metal.  It  will  be  very  con-, 
yenient  and  very  ufeful,  for  the  conftruftion 
of  metallic  thermometers. 

55.  By  HHxing  it' with  copper  and  arfenic,  in 
varioiUSf  proportions,  mirrors  for  telcfcopes  have 
-been  fabricated  of  it,  which  will  never  experience 
any  alteration  in  their  polifli ;  and  which  unite 
with  a  bright  and-  perfedtly  uniform  polifli  of 
furface,  a  complete  incapability  of  being  al- 
tered by  any  poffible  agent. 

bl*  Plating  alfo  promifes  the  greateft  and 
mod  important  advantages  in  mechanics,  and 
particularly  in  the  delicate  art  of  making  time- 
pieces. The  conftruclion  pf  a  great  number  of 
machines  will  gain  by  the  acquifition  of  this 
metal,  which  may  be  fubftituted.  in  numerous 
cafes  for  copper,  iron,  and  even  filver. 

There  is  one  art  in  particular  of  great  impor- 
tance, already  t:reated  in"  France,  and  which  to 
render  it  tlourilhing,  requires  only  a  fufficiency 
of  this  metalj  hitherto  and  ftill  an  obje6l  of  fraud 
and  contraband  trade.  This  is  the  art  of  applying 
its  leaves  or  flieeta  to  iron  and  copper,  a  fpecics 
of  plating  far  fuperior  to  that  with  fjlver  for  dura-> 

bility 
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bility  md  unchangeablenefs.  It  is  impoflible 
to  limit  the  immenfe  ufes  to  which  fuch  a  plat* 
ing  may  be  applied.  Culinary  utenfils^  thofe 
of  pharmacy,  and  even  thofe  of  fome  manufac- 
tories, will  derive  from  it  the  greafeft  and  moft 
frequent  advantages^ 

58.  In  a  word,  its  weight,  the  difficulty  of 
combining  it  with  any  other  metal  without  alter- 
ing it,  its  dufilility,  added  to  a  confiderable 
tenacity,  which  may  be  increafed  ftill  more  by 
fhe  addition  of  other  metals,  may  likewife 
ocafion  platina  to  be  employed  at  foma  future 
time  in  coins  or  medals. 


END   OF    THE    SIXTH    VOLUME. 
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